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tage rotation, scaling and digital 



© Apparatus and method for collectively performing tile-l 
halftone screening. 

© A tiie-ohenteo technioue and associated app^ 

iiugh image rotation, anamorphic scaling and d g.ta H ^^"^ into aligned non-abutting 

page description language. SpecificaHy, an^ »^ "^J 1 217 7) are then defined which will hold 

tiles (e.g. 215,. 215, 215,). ^f^^^^ ^"anamorphic scaling of the contone image .two- 
output data for corresponding tiles. To effect rotation <uu u r ^ m0V9rnerrt between 
SUri sampling increments. In fast ^ s - J^ d ^««e ^ ^ ^ 
successive pixels in an output block to ™™™*Xe7^Z7 ^ seen directions and based in part upon 
though independent, sampling incrernen ^ n success}ve pixels in a halftone reference 
. screen angle and screen ruling, are ^ n ^™™™£J~„ in a bloc k, incremental sampling occurs .n the 
I cell. To generate output data for eac ^ s 3^ This value, in conjunction with incremental 
" contone image to yield a correspond^ samplec ' <^°"° « d jn a halftone reference plane (eg. 
; halftone sampling addresses, ^^^^SJ^^M defines a writing spot. Each tile in the 
| 242, 8 ,). the resulting output of wh.ch ^ s,n 9 le n b ^ o ™ e e c , , oops (1g50 , 196 0), with resulting output data for 
» contone image is successively P"^^^ b,ock in the output image. Clipping 
J that tile being written into approbate PJ?^^^^ an / in uniso n with the contone pixel sampl.ng 
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TECHNICAL FIELD OF THE INVENTION 

^,^h a « that which would occur in implementing a 



page aescnpuun lauyuoyo - — . 

s rotation, scaling and digital halftone screening. 

BACKGROUND ART 



Whi, images have .ways to* -"~P«^~ "^SK^JSSS 

srsr- ssar 4= — ate iw in 

are often processed through a computer ^SwUge ^ a "° WS *" 

allows a user to define objects, such as an image^ *ar are to VP™ P to ^ other in 

objects to be processed in a f^^'^'^^iS^ a user in processing a digital 
order to properly form an entire page. To P>^ de ^ floating point precision, both arbitrary 
image, a page description '^uago would need to support, jJ^JJJ' P m ^tony angle, and 

' a,ia 'ScSr^2f approach widely ^^^£^^S£i^ 
random access frame " reading the 

approach, hereinafter referred to as the full fra ™ ^ to qenerate appropriately rotated image 

image, blt-by-bit. using suitable f re ™"7 9 ™ 

o data to yield a rotated image. As known m J^^"*™* the scale of the image, as desired, 

to or from selected pixel locations tn the ™mory in order J^nange tr^ ° read-write 
This overall approach requires a sufficiently ^^^^S^jSc^ continuous tone image 
random access. Unfortunately, for an 8-by-lO '"^JP^^'Xcm) which is readily obtainable with 
printed at a resolution of ™ retire" approximately 7 

, 5 currently available output wrrters, efl. laser P™ters. ™V , availab|e nign spee d random 

• »t« •»*. '<* «» «*■ ^^H^ tee fo, some On.9, also ttugn «* sca.no and 

M M of Ihe pncam memory M« «» « " „ w pan nioned into 

s^uS^'^^ 

tiles until an entire image been fo^ of First, by drastically reducing the 

Given these two approaches, tiling offers several «-ni " high speed frame memory are 

size of a tile down from that of the entore ^^J^S^^^ to p8rhapS 10 ^ 
substantially reduced from, for example. 7 MBytes to *° r ' n 9 ™ ™ the ^ for a large full size high 
» storing a s.ng.e II. current* ^P^ of me ^ memory. Whi,e 

speed frame memory hereby ^^J^i wo S d not need to function as a high speed 
an image size output bi*r wotdd . M be ^edlm relatively slow and inexpensive memory aborts, 
random access memory and thus car. be nmnH nr i nv0 | ving the frame memory are reduced 

Furthermore, by processing a single tie at a lima.. a1 a 7J™ 9 Ure lmage „ in th e "full frame 
S5 to the data required just for ^^^^^T^ these memory transfers are greatly 
memory" approach. C ^ e Y^ oHhe overall tile-based processing. Moreover^ 

simplified and, as such, merely becorne an maam v» specialized hardware circu.ts can be 

by processing only a relatively small amount of data at any one urn , h» 
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implementation, tend to readily lend Sest piXeti ^stly, tlle-based 
appropriate tile processing hardware is duplicated and orSS on a ^ f ^f^ 9 thr ° U9h which 
» permit several tiles to be collectively processed * onS Ss i„ ?FZ \ 1"" tlm °- sta 98 ered baste to 
process of image scaling and/or rotation ArZ^l . L ■ ftJrther the overall 

part.cularly when used for halftoning, necessitates tnat £ m ^ ' 3 "W* 08 *- 

»o the output buffer else visible flaws will occuT in L imao? ^2KJf ^ ^ accurate, V «n 
for a halftoned image with a 50% Jn facSr J J™ ?TJ£f ^ V ' W ® h3Ve 9m P Mca »y observed that 
tiles causes MttoJ^to^V^i^^ 1'" pattern between ad i ac «n' 

occur along the tile SZ^T^^^^,^^ *",*"»" * " Zi0 - 2a9 " " nes ^ 
halftoned, then a screener ODerafinr, onTnJf *i ™^ , ,1, lf 8,1 ima9e is t0 to subsequently 

» screen that tile anTplaS « 9 back into ts ^T^H * ^ "* fr ° m "» W 
maintaining such a hig'h aec!£cy ^ T^' AM ° " d 

extremely difficult to attain In practice Halftoning process for an image has proven to be 

At first blush, one might think that this accuracy could be relaxed and th» »™ » M 
by appropriately smoothing the boundaries of the halftoned files SI ^, Pattem eMnai *i 

20 through low pass spatial fLring, ^^^aS^^J^T^' W ° h Smooihin * Implemented 
alignment that would otherwise resul whe^^na T^ZTj T^ 9 ^ *" r&SuW ^ tite mis ' 
addresses which in turn are u3 ,n ° P T ^ S Values are into real integer 

26 halftone dot structure in the imaae Thereto^ w*h JT ^ 7^ ! P and * hereby ,he ""deriying 

amounts of memory and often do not Dosser th* r=IS !L expensive, require inordinate 

OMmple sampiinj M ^ a ~ m J!rZT™.', oporatons, such as fo, 

pro*** »»«, y would taiZXSZ^iZTo^T^,"r "I" ,<,SUK " 0 ""° l " ,hW 

accelerate the throughput of a «™ JSwS«or? T* "™ h a '«°"'ng hi a manner that can significantly 
writers. Advantageous^ inco'S ratTT^ TteZlTT^f " W, * bb OUtput 

the use of documentary images technique m an output writer will significantly hasten 

55 

DISCLOSURE OF THE INVENTION 

Accordingly. an obiec, of the present invention is to provide apparatus and accompanying melhods that 
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can vary accurate*, though inexpensive*, Implement Image scaHng. rotaUon and halftoning of a congous 

tone A ( %s - — * — to advanta9eous,y reduce 

,o within a one bit accuracy throughout an entire ^^^^ y, at ^ prov i d e image scaling. 
Another specific ob|ect is * P™**^ processing throughput of a page 

— d by many av * ,abte outp " 

10 deadly «~ ^SHc^^^ 

invention by first defining P"^^ 

successive sampling locations in « "JS imaae Then, in response to corresponding ones of 

two adjacent pixel locations in a «^"J* r '^Smenta. movement through the block to 
„ these increments: (a) addresses are W^****^^ is sampled to yield a sampled contone 
produce a sequence of JJ^^J^SS^'^i produce a plurality of sampled contone 

value associated with each response to each of said sampled 

values; and (c) a corresponding halftone artp£ _^^ P , , xel tocaXmn jn ^ sequence to yeid 

contone values and a pre-defined pattern for each p P js ^ ^ in tne corresponding 

20 — ° u * ut va,ue is associated with a 

partitioning a contone image into an ^J^^^^ through which the 

ze blocks, the latter usually overlapp.ng depending upon an I ns 1or en , arge ment 

contone Image is to be rotated. The block « ^'^^"tJLs are sized based upon anamorphlc 
scaling and variable, to a certain extent, to ^^"^J^ ^ w ith respect to its corresponding 
scale factors, a and fi. and the <**«^J^™££ r^X-, inter alia, me tile and block sizes 
block, will be the maximum s.ze that will At within tfrt 1^ B ^ feen P a tei . 0i incre mental pixel sampling 
„ as well as the rotation angle. anamor P h,c ^J^ a ^££i basis.through successive pixels in 
coordinates are determined such that for ^ xe | in tnat block from contone data 

a block, halftoned output data can be ob a.ned for ^^J^p^ contains a corresponding 
contained within a minimatly ^J^- 00 ^ I o d^ed ^responding incremental prxel 
contone tile. Incremental sampling c 00 *™ ^Lf' n irrter atot screen ruling and a screen angle, 
» movements through a ^^^^e " * block. Increments are a.so defined for 

fll to yield a successive ^^^^^^J^,^^ we |l as between successive tiles in the 
movement between successive ties m *e contone " . ^ ^ incremente are 
halftoned screen pattern and between sucressl *° successive and corresponding 

chosen, each tile in the contone image ,s W0 «^ 1 P^^ a current output block on a 
«, block with halftoned output data. ^^^J^^SS, incrementally sampling through the 
pixel-by-pixe. basis to P' 0 ^^ 6 ^^ l,u?assS ed with each output pixel location in order to 
contone image to yield a sampled contone value _»oaa gamp | ing through the halftone pattern to 

produce a plurality of sampled «^,^^^^ a ^^3Z halftone output value for each 
U in response to each o, the haSe outputva.ues. This Incrementation and 

45 output pixel location in ^'J^^^S^ substanLly in lockstep such that after an 
incremental contone and halftone sampling P? c * sses wook. a corresponding sampled contone value 
address is generated for each success.ve P^'^^lJrefo processing continues along each 
and a corresponding halftone along a slow scan direction 

row of a current block in a fast scan direction and f ™ ™ » ^ data js ^ Mn lnto the 

so until the current b.ock is completely fil « e va,ueS lyi " 9 

buffer for those locations in the ^^£^£Z% ^ 9 0 «L locations therein. After the current 
a current tile being processed; a zero value to i writer into a. m vmafem a into an output block 

contone tile has been complete ^roces ^^f^^UmdtaB to the spatial location of the 
in a page buffer. This output block is situated at a iochb h the next succe ssive 

* current biock ,n the output image. ^^^J^^oS SSZx ciata for the next block 
contone tile, as defined by the tile ^^^^^ L. To ensure that all the contone tiles are 
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in a slow scan direction, fhn^^S^S^Z^ **" dW *" ^ *> ^ l *' 

reference cells, each c^ta bT^SSL ^l'^"*,' 8 '*" *"* C ° ntainS mu,ti P' 9 
100% dot. Each sampled contone TuTt^Z^Tm ** l^"* ranfline fr ° m a 0% dot to a 
by appropriate Pixel addresses to y ^^^^ plane that fe to be «"W*d. 

approach, a threshold matrix is su JSvelv samrC ^ ^ P * hm °™ Va,Ue " Throu 9 h the ,aft er 
to current sampled threshold vl lSS^lST£?n* " ap ^P rtete pixel addresses - *» >** a 
to produce a halftone output mZ^T^ SSZ^TT^^, 9 ^ COntone vaiue 

sampfing, whether in the halftone £Zr tJES^T °h *? """P""—- ™<™> 
different direction than sampling throuah ™t™l , ' ^ ! '"dependently of and generally in a 
substantially In tockstep Xe2 otar 9 °' th ° U0h b ° ,h processes Wte 

16 conju^^ -hltecture; specHicaily, a microcomputer In 

processor fTPP,. The ^-cT^ 

processing an entire contone imaae surh « «u a ^ ki 1 pa : ameter j valU8S «iat remain fixed throughout 
and then emulates the ^ SlTttS TTS ^ *'* inCrementS ' 

puter loads the pixel sampling increments inTothl ^^ ^ and 0Utput block - The microcom- 
each contone tite and Jto ftL TPP ZZsTbTsn ^^T^ ^f 0 " 0 ,ocatjo " * determined for 
TTP, through an interna, ti.e ^cce^ TPP to process that contone fie. The 

successive output pixel in the output bS^SLS rS^^E^t - ^" 9 T**^" for eaCh 
associated contone and halftone reference Lmnrfl 7? ^ f * tt*wfll> accessing 

* 5 corresponding hafftoncd cX^T^tTSp^^ir C ° nt ° ne Va,Ue and ea <* 

all the halftone data produSd ^^^^S^^T" ' *" microc °» transfers 
parameter values stored In the TPP to rafted L s^ZTKJS f ^ 3 ^ ^ ^ updates the 
instructs the TPP to commence such dJodSI™ f 9 . ° f successiv * «le and thereafter 

combination of a microS,m pu "r and S^S^'^.rT 8 1?" ^ ** eSS6nCe ' 
» implementing two nested loops in haXare C °" 8Ct,Vely ""P" 6 ™" 1 nested processing loops, with the TPP 

ina° g ;rs^^^ 

desired level. To do so the inventive two-rhin 1^*11 "Pwardly scale the processing throughput to a 
processing by using mutt^e r^lX^ * P "" W 

35 would be configured, by the microcomputer to inftanenHoi? common microcomputer. Each TPP 
overlapping portion, e.g. I hortoSS^ Sr^SS^^ 8 ^P^ing non- 

puter would insfruci a,?th e TPP to 'pS ^SSS^^^? 8 ^ ^ miCrOCOm " 

parallel fashion with respect to each X S sTh w7I2T V ™ eSSentia " y 
puter would determine the portion of the ou3 h,^ -JT 1 undertaking rts processing, the microcom- 

* and temporarily stored in ££££ F^oTteZ^LT^ * ^ TPP ' 

processing. As the number of active TPPsT tc^^ 

processing throughput will substantially IncreSe as welT P 9rca,er ° f 



BRIEF DESCRIPTION OF THE DRAWINGS 



Flr; 2 o d / P '^ ,hS C ° n(>Ct a,i 9 nm8nt of drawing sheets for FIGs. 2A - 2D- 
FIG. 4 depicts a single contone box in detail- 
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r rdSrrniS-SS*"^ ™ *» Be«= Step 10,0 that » executed ™ 

smsr: ssr-^- ™. «*— «» « - — T,te 

STSSSfTSSSS S."i?0«— Chances * 1030 tfiat Is ~*« — . ™ 

TS^^ZTS CM. «.P -040 « N — -* » 

Processing Routine 1000 shown in FIG. 10; d cornQrs of 

Processina Houtine 1000 shown in FIG. 10; 

r4 ,9 depicts , h*h lev- - P»«- T* Rouone 1770 the, Is executed a. par, of m. 

Processing Step 1060 shown in FIGs. 18A and 1BB; JTOVU . Pir . 1Q . 

^dH^rri^^^^^ 

s-rssw.'sws^- 55 - 

^T^r. 7 *<rs;r:ix« *- p— *»° — • — ™ 2320 
ass iriss— . «. ™ ^ *- 

SH.'ZS^l'SSL. 2600 wHch shows the s^,« operas the, occur w,«t 1» 

^"^^T^ ™- Prorassor 2360 

H? ^Jcts 2 ?! «bl. 2800 tor muKtptexe, 2770 confined within Contone 23=4 shown ,n FK. 

5 20 depict, a bto* Ol^ran, 0, Ciippinc. Loo,c 2370 conned w«h,n «Ka, Processor 2350 shown In 
3. «* 3000 tor multiplexer 2040 contained within Clipping Lc* 2370 shown In FIG. 

6 3, depicts a oiccK dlaoram 0. Noise Address Logic 2358 contained within Pixel Processor 23=0 

- ~ M *~ 1X910 2385 com< " nsd """* Pi "' 

Processor 2350 shown in FIGs. 23A and 23B. 
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MODES OF CARRYING OUT THE INVENTION 

leoh^^^^jSnSS? J° Se SkM,9d " "* "* read " y appreciate ** *• 



as A. System for Implementing a Page Description Language 



ina Tn J^' 013 ?■ ^T^" ^ hi9h tevel block dla 9 ram of ,ma 9 9 Processing system 5 for implement- 

■mmmwmmm 

also operate on the textual data as defined by the PDL commands. Output buffer 17 Is sufficiently large^o 
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usually several, entire 



store halftoned image data at the writing resolution of engine 25 for at least c 
output pages. sracific commands used in a PDL nor in the manner In which 



B. The Inventive Process 



' ™ ^.r^rooZirr^nr^ 

FIGs. 2A - 2D, 3, 4 and 5. Vanous tile-based . 0 P erat, ° n ^^ a ^' - |n FIGs . 2A - 2D, for which the 

dementing image scaiing, rotation ^^^^^J^^^ sampling and output 
correct alignment of the drawing sheets for these figures ,s «" 0 ™" ^ Q|jt t blocks are shown in 

Sta writing for various illustrative spatia.hr ^ 0 ^ 0 ^ZZZ^^ 9 respective* shown 

^fLntive p«- rCics on « P-**£ 

identically sized tiles. Contone image 301 *^ "^^SSStawge. As an expanded view, depiction 

... extending horizontally and vertically thr ^°"!f ^'^^ of ninT contone tiles 215,. 215, 215s. 

210 shown in FIG. 2A shows ,mage porbon ^ 5 f then each contone tile is successively 

arranged in a three- by-three matrix. Once th.s mage is Pj^ s J themselves written as a tile 

processed to yiekl output, e.g. halftoned. M l^^^JT^rsg^, blocks 371,, 371,. 371.. 
°nto a corresponding square block ^of locations in the output buffer. ™ * corresponding output 

... in output buffer 17 shown in FIG. 3 ^ 33 Eac^tput tile contains output data for a 

eJstrc^^ 

corresponding tiles and in RG. 3 ^V^^^ 1 ^^ of each tile is established to be the maximum 
i During initialization, as discussed In detai below me size ^ . ^ factors ,„ 

size that will fit within an output block. The s,z ° *° a ^ image is to be rotated 
the slow and fast scan directions <* and «, an angle W BecausB each output ,„ e is 

and the output block size, fixed at «u*a^ 32£ such 2 blocks 217, and 217 2 shown in FIG. 2A. 
rotated within its corresponding block. "°^ 8 "* over i ap m the output buffer. The 

„ mat contain output data for «^ «^ J^*^ Magnitude of the angle. *. through which the 
degree of overlap between adlacent blocks ^ t^mag ^ The areas of 

contone .mage is to be rotated. As Mheang £ ™ 9 ^ within each of the other blocks. 

respect to the block. m resp ect to the blocks, the contone image 

With the contone tiles defined in th.s "Jne date required for each block can be obtained 

is two-dimensionally sampled so that, in ^^^ZS^Sim. •* ^ 301 showl in RG - 
so from its associated contone «e. Si ^£ 9 ^; d SoL (v ano u). are estabiished aiso 
3, two-dimensional sample increment ir, fast and slow sc success ive contone sample is 

during initialization as described n ^ , J^ s, ^ t block that is to contain output data for a hie of 
generated for each and ^\ 0 ^^^ t ^ a S\n the contone Image, hereinafter referred to as a 
the contone image. As a resutt, a reg.on ° ^"^f j g eS completely sampled at prescribed Increments In 
contone box (to distinguish it from an , orfpu blocks comp t y^ ^ ^ gg 

raster form to yield a number o 8U °^ w| 2^ f Smt in number to completely fill a spatially 
halftoning, wiil generate successive output valu es jumcent ^ ^ generated ^ 

corresponding output block in the output image. As each such samp 
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310a, 310a, ... aire each successfcefv sa^'J^ 7 u?** respecllve, y conte in contone tiles 310,, 
for each such box. iWSST forTc tax ITT faSh '° n 8 SUCCBSS *°n of contone samples 

■ corresponding succession JK^TjSj S^SnS, , 2S ,Bh ^ """^ * y '' 9ld * 
in a corresponding output btock, e.g. into Wtput bl^S 5? %t ™ appr °P nate s "<*essive locations 
correspondence between the contone tox™ and IJ^ FK3 - 3 illustrates s P atia, 

values for respective contone toxes 3L ITrT^t P ^ S P 9Cifical| y- *™P'ed contone 

symbolized by respective lines 332 a^d S ™ J? ^ aPP " ed 10 halft ° ne Screener 340 as 
» samples producedtor each one theL ttref c^cTbo^ ^al° diS, ' n9UiSh ^ C ° ntone 

contone samples generated for each oleosa h^TlL ~ es . H Halftone screener 340 operates on the 
manner to be discussed below Terefor Th„ ^hZTI^ ^ 3 " 8p8rato ha,ftone b » Pattern, in a 
appearing on lines 331.132 aTdsS aS rou^, h^XS pattems fr ° m 00ntone 
343, to clipping logic 3^0. t^K SX^^4n^^Sr ,h " ,in8S ™' ^ 

within a contone tile which ant to bepS^'^^S^JZ 'TT T"'"* 5 ^ SitUated 
output tile in an output block from the^Sno Inlanl £ ? ° Ulput Va ' U9S f ° r Stora 9 e info ™ 

functions for the output blocks 371, 371, ar ,d 37^hL^™ L I u ' i, 3nd 353 provide c,i PP> n 9 

distance along an edge of a L^^SJ^^ K m T L ITr^ " T!*? K Hnd L ^ the 
35 contone tile and either zero or two outeide S ™ ^ ? °' h ^ *° the vaJue one with «'" * 
boundaries of each contone l^rTaM™ circumscribe the 

occupied by a corresponding output ITilSf^^^Z,^ ^ '*** ** is t0 »» 
block. Processed contone slphTdata, e q LZ ed S£ ^tfrill *S remain ' nB re9i ° nS ° f each 
output tocations within a biock for wSh th'e K and L Tbotn " ^ to T^ 9 

«o output tile contained within any outaut block anri nn JmZ! - ^ ° ° ne ' ,e - on * witnin "» 

appropriate* incremented, ^S^^^,^^^^^ ^ ° f K " nd L "* 

written in the current output block addresses for the current output location to be 

orient ZZEZ^^J"^ **»»" »> * ™- * - 

« contone image, is angled *n^T2£SES linens ^1 ^ ^ * ^ ^ ° f the 
actually sampled, angled sampling sa^pieTnes ^iT S? ^ '"SH ^ ^ 

^Tn^colTer^ 

223) generate contone •m^^T^^S^S,^^ ( ? l9Ct,ve| y formi "9 "he- 
including contone tile 310, shown in FIG i 4 Tte rLS^mn l , ' thrOUghout Mnta box 3202 
flll an entire output Wo* such « block 371 ^ 9 ^ Va ' U9S Pr ° Vide MenX out P ut date *> 
block, such as btock 37T3. is IZ S^iS^fyr 1 J 77 ' * wm in RG - 5 " out P"t 
ss written into each of the 3^2ft£d ^^outou Tr^Zn" / Sh0W " by 3X65 p «». with **» 

left hand corner of the block and centnutoa to S " / L^'f by 3 S0,id d0t) s,artin 9 at *e upper 
this block, Z eroes are ^ nt oTe ou^.^a Z ^ ^ to c]i ^ 

Hatched for ready identic) w,. ^J^ZTLZ ^^JS^^^Z 
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wKhin output tile 375a. Similarly, depiction 220 shown In FIG. 2A depicts the , contone sampling for contone 
«in 91^ and the sDatial correspondence between this tiie and output block 217 7 . 

a ^onatie, sampling begins at the upper left hand corner (ULC) of the contone box wh.ch 
corrSpond^o the uppermost output block in the output image and continues vertically downward l through 
STtTSSs block is teelf situated in the ULC ot the output image. After each J"*^^^ 
r mm =™v^ «i thf, ULC of the next successive contone box and so on. Appropriate vartanies are 
SdS'rSSrS UK £££ ^oT fctn,™ «*» bo, rt - .pp.**.* <!? 
S Im Mron*.* eonm.™ ^ng ft. ULC of -* -« ' £ ^ 

onm nnnT nes 223, and 223, are specifically shown. Variables pixel_v and pixel_u store the address, .n 

address toTtont memo^yj e. hafftone reference stack, to select a particular halftone reference call Stack 

dUmTedTy £^^SSnSS and output wri«ng (laser) fluency such that an output bfcck 

Wi " ^SSZZ^JSSZ^ ^ ^ «*> Samp,6d oontone value producing a 
JSS^^S^^. ^ direction and incrementation in which halftone sampling occurs „ 
cZiitd^ndent of the direction and incrementation at which contone 

Sow assum? for purposes of discussion, that the value of a current contone sample selects halftone 
referent zJmT Also. Ssume that the screen angle, 9. is approximately 10 degrees. As shown n 

msmmm 
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„!T V ,- 711988 incremente 3^ also set during initialization such that a correct number of 
halftone dot sample points will be produced to fill each output block. As shown in depiction 260 contone 
sampling commences at the left starting point of a sampling line, such as line 257 m , and throuah 
B Z^Ta ,nc I ementeti0r L° f *» Sampli "9 address bv * B fast sca " V a "d x pixel sampling increments Ay- 
i - Pr !f! e i S ft ° m 006 IOCaU0n 10 next al0 "9 1bis l,ne ln orde ^ to yield a equally 
,.Xr^r^, sequenC8 ** nafftone sampling points, containing illustrative points 281,. 261 2 , 261 3 and 261, 
Wher .the > test sampling location has been reached on a sampling line, the sampling address is increment^ 
.noSon .h 03 " P ^ Samp in ° ,ncrements A V- S|0W Ax_slow, to commence sampling at the leftmost 
,„ Lrtl JJJl"^ Samp ' in9 ' ine> Le - ,ine 257 -" and 80 on - Resu,ll "9 hamone *™Pte points 

d * S ! tua ed within the reference cell, then Its corresponding halftoned output value is simply one; 

V mp ^ 2 T- Th6 resultino one ■ nd ~° output va,ues « the screen ed 

bits that, through the clipping logic, are stored within the output buffer as the values of the writing spots for 
trie output image. ^ 

16 * a iV t Kio P !?° eS t f ^°" B san, P' i "9 is we » ^^n and fully disclosed in, e.g., United States patent 
4,918622 (Issued April 19, 1990 to E. M. Granger et al - hereinafter referred to as the '622 Granger et a! 
patent and also assigned to the present assignee hereof) which is incorporated by reference herein. As 

f« ?m 0 « ea , f r ,S ^ to ' 622 Gra " 9er et al patem for further lns, 9 hts into th}s P">cess. inasmuch it 
* not wheal to use any particular halftoning process in the invention, any one of a variety of other well 
20 known halftoning processes can also be used, if desired. 

/ndirS?; "^"e Wts produced by the halftone screener are applied through the clipping logic as 
indicated in depiction 270 shown in FIG. 2D. As described above, clipping Is used to distinguish the "valid" 
^ 1 . !' ^ ^° S * Med 0n or within 30 output « le in an "tP* blo <* and which are to be written into 
output buffer, from the remaining halftone bits within that block which are to be set to zero in the output 
. L' ~/ J T boteBd depiction 270, screened halftone bits are applied over lead 274 to one input of 
2e [° value applied, via iead 278 to the other input to this switch. Depending upon the value 
, H^Lf m ° n rf C ' ippin9 variab,es K 3011 L - as produced on lead 276 by AND gate 273 and 
applied to theconW input of switch 275, this switch routes either a halftone screening bit or a zero value to 

so blTil 9 fh? n ^ rt k rf f 8 S5S? r "S °" f 277 Stored 3t SeqUBntia ' addresses witnin * e CUTOnt otrt P"« 
so block in the output buffer. While the values of clipping variables K and L appearing on leads 271 are both 

amh , S o!T n ^. t ? ftone bHS th3t are produced by 1,19 ha,ftonG screener « valid; hence, the output of 
AND gate 273 is high for these bits, but is zero otherwise. 

As discussed above, the contone sampling and screening operations occur in lockstep, Le in unison 
with each producing a corresponding sample point at a time. To clearly visualize the simultaneous 
TZTTt*"? movement m 1he co 1 * 0 ™ <™9° hafftone reference planes and in output image plane 
(output buffer) and the correspondence between the resulting pixel locations, consider these planes 
vertically alrgned as depicted in FIG. 6. With the incremental sampling distances properly chosen in both 
contone image plane 630 and halftone reference plane 620, given the contone image rotation angle * the 
halftone screen angle, o and the scale factors (« and 0), then the corresponding current sampling locations 
, T " ft ° ne reference P |a,le s along with the current output location in the output image 

plane wil always remain on a common line, specifically line 685, that vertically intersects all three planes 
As sampling progresses to another point in each of these three planes, line 685 will merely shift its position 
accordingly to intersect another set of three vertically aligned points, one in each of thase three planes, and 

45 «■ ™ any J b ?^ 0UtpUt ' ma98 64 °' SUCh 28 blocks 651 and 654 whic " are to contain output data for 
tiles 661 and 664. the inventive process operates, in effect and as symbolized by dot-dashed line 670 to 
sample through corresponding boxes of data, e.g. boxes 633 and 623, in both the contone image plane and 
the halftone reference plane. The resulting sampled contone values are used, as symbolized by dashed line 
6KMo select the specific halftone reference plane that is to be sampled. The sampled halftone bits are 

so used, as symbolized by dashed line 667, to fill output locations within corresponding output tiles 661 and 
664 in output image plane 610. The Inventive process proceeds by filling successive blocks In the output 
•mage plane starting at the block in the upper left hand corner of output image 640 and continuing by 
proces8 ( ng through corresponding boxes of data in the contone and halftone reference planes, to the lower 
nght hand comer of output image 640 until this image is completely written. 

C. Image Processing System Utilizing the Inventive Technique 

Having now qualitatively described the inventive process, FIGs. 7A and 7B collectively depict a high 
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through bus 750. System 700 accepts Incoming '^9° f * ^^^^^ along 

„ The eight-bit data provide. b y RAM 735 JJJ^^J ZS^^- 

conjunction with microcomputer 713 as wi l discuss ;ea £ ™*ui w k ppropriaWy configured 

tor providing tile^ased imago rotat.on. scaling and halftone iM. ' u 7 resu |ting 
by microcomputer 713 and processes a fuH «a «^^££ZZwL s^ng^ordinates, 5 
haHtoned output bits therefor. Once the TPP * ^f^^^J^^^^crocomp^ tiles 

so processes the complete contone tile ^^'^ * and incremental 

the entire contone image, calculates the starting, ue ULC -J^ m ™ o|i __ ^ informa tion to the TPP 
sampling distances for the contone and halftone ^^.^^^^Z^T^s completely 
and then instructs the TPP to commence P^^X ^nJ^ewZte™* cSntone 
processed this tile, the « reach Successive contone image tile until 



13 



EP 0 527 097 A2 



implement than a full size frame buffer of comparable speed. Based upon the actual number "N" of 

rjsrrrjisr 740 can pw ~ — - ^ °<» * 

to unrt 76a Within this unit, the address portion of this information Is routed! XbusTl to addreS 

°7mTL ,1 ^'T ^ ■**«" int ° 3 b,0ck address a " d Si"vi?S 
IT' ™ ^ me ™ ry COrrtr0 " er - 11,6 merror y controller Elates the block address into an approSe 

The data portion of the output .nformation is routed, via bus 761, to the data input of buffers 766 Th«£ 

of?aperSsrhS le sn of ^r 768 which is ^ int ° ^ -X^s^^s 

cl wrS, inl «**«"veiy oP^ted in a well-known "ping-pong" fashion such that output data 

t 9r ° UP ° f pa ° eSl e * 768a ' while data is read ,rom ** other group. e.g. 76% The 
(XrengL " ^ iS SUPP " ed ' * 0UtoUt ^ ,eads 77 * to the bi -V CbHeve.", marking 

Now, turning to the present invention, FIG. 8 depicts a block diagram of a two chip Implementation 
TZTT 713 . and TPP Pr0CeSS ° r ?40) ° f *• lnventive ^ni q ue 9 used h IX ralXTTSS 



So \ff h mcroco ™P*er 713 calculates the starting point of each tite in a contone 

X ll* 9 ~ enta, ^ p,in9 distances - ™ e microcomputer aiso Elates sine and cosine 



a contone 

S^^ 

significantly easier than in the TPP. TPP 740 is a dedicated hardware circuit, specifically formed usina I 

* *ZZ22£ d app,ication h . s r ific in,e9rated circurt (AS,C> or ^ T£ 9 TZl 

Ioods^ UhH! microc ° rn P uter ' and rts "nt™« P^ram together with the TPP implement two nested 
loops, an outer loop primarily executing within the microcomputer, for processing each contone tile in the 

Z , J d r ™* 0,6 m,croc «"P<*>r Properly configures the TPP to process each contone tile 
S^S^* 10 ,U " y PTOCeSS ** ^ additi ° n ' * 6 ^^ocomputer also SSK as 

nSo^Sir^H P rr eter Va,U6S exiSt f ° r ,h ° en8re ima9e ' such as *» parameter? 

rurhoSrereirge^ 0 "' 09 parameters - once — 91656 paramet - -r^; 

S con^ HT? F ' G " !' T Ut (C0ntOne) da1a is ^P' 1 ^- via ,eads «». t0 microcomputer 713 along with job 
mftoZ via leads 805. Various supervisory control signals are also TppS 2 

££we? w miC f rOCOmpU ? er t0 re 9 u!ate and ™™ image processing. The microcomputer ate" 
ETlEL^S? t lT ^ 38 avai,able/bus V- o" teadt. 811 and an input flow control signVto leS 

£^J£L^, fl ° W C ° n1r °' Si9 " al iS USed t0 re S ulate 1,16 <* "<»™9 contone data 

Sf M ?5^EEn"J "T*. ^ ^ Microcom P ute| - 71 3 configuratL irrformatton 

via lead 813. tile Information via leads 815, and various control signals via lead 817 to TPP 740 The 
configurate and tile information are numerical parameter values which are required by ihl TPP to l^ss 
SiSET - hTh? ti ' e in ^ »• applied once pe^ Zagl 7*SbZ 

' , k 3 1 Upd3ted f ° r e3Ch successive ^nto^ «b. TPP 740 provides status information such as an 
avallable*usy signal, to the microcomputer. By monitoring the status Information pZZoL ^BW 

T u lT^ P Ta D Cm Ca ' CUlate Parameter values for a 5UCC9S5ive «° tile as well as p % oS o^ne; 
T^P^ romlt , 1 Undertak , in9 ^ SamP ' in9 ° perab0r,S for 1,16 c - rent addL rsoTaste 
(LLh I P ? 118 process,n S and ^Sed its status, the microcomputer, in conjunction with a slmpfe 

0S1 T ^ • '° ad TPP Wim Param9ter va,ues for 1,16 ne>d Successive UntoneXidThen 
S^L i L" 9 , 80 38 tD minfmi2e the Wai1 fime of TPP and increase system throughput Is 

d9ta " be,ow ' «» TPP Wriate halftone font and noise data Ln nZ wio, ■ « 

dunng halftone screening. To do so, the TPP applies appropriate address information (address of Te 
cun-ent x.y sampling location), via leads 841. to RAM 717 and. via leads 843. receives resulHna hrfLS in 
no^e data therefrom Tiling RAM 742 is connected, via address leads 831 ^STteS Z to TPP X 

^ . ^ °? 6 dHta f ° r a " " N " ' ine SWP ° f con,one tlles ™™ a y Wng processed. The « Jstrlo of 
contone data ,s loaded into RAM 742 by microcomputer 713 prior to tile processing with date for each 
successive strip being loaded after each preceding strip has been complete.y P p roce SS ed.Te Sored in 
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Z^TX7s^S^ STL- - — * 

buffer read through an asynchronous. jontrol*. ^ event t0 micr0 computer 

After the TPP has generated each block of output data ^an « ^ on leads 819, 

713, again through a handshake protocol and via a ^J^^SSS». via Tads 823. to address 
the microcomputer supplies the eoordn*» of hat ^^^^J^^, converts the image 
generator 762. The address generator which transfer u* ^g m* tQ 

oiock coordinates into a real biock address t ^^™ d S» £ L controller and. through the 
controller 769. Tnereafter. the address gener ate r apphe s the from FIF0 file 857 into output 

order to print a hard-copy version of the output image. 

D Pseudo-coda Description of the Operations Undertaken by Microcomputer 713 and TPP 740 
A flowchart of Main Loop - ^ ^« 

the operation of TPP 740 to process .each file in £ "^SSTtW ds t0 block 905 which, when 

Specifically, upon entry into Mam Loop Thereafter, execution proceeds to block 

executed, performs a well-known power-up ■^'^^^ ^^parameters, as discussed be.ow. 
910 which, when executed, obtains ££^£££^1^^ Once this has occurred, 
that will be used to "set-up" TTH arcurr MOm pr ^ LTrntoes whether TTH circuit 800 has been 
execution proceeds to decision block btock «**™*Zt T?H circuit 800 has not yet been 

instructed to commence ^ ssi "9^ ^7 emanating from this decision biock, to 

instructed to process an .mage, execution P™ 0 ^;'* "° jn ^ omjng job corrtro , data for the latest image 
block 920. This latter block, when executed, * ^ ' ~ 9 n 9 15 to interpret this command, 
processing command. Thereafter executon loops back to J^ 10 ^ inco CQnton9 image> then 
Alternatively, if TTH circuit 800 has just been £ P ^ g1 5 , t0 block 925 . This latter block is 

initial values of various parameters, as ^"j^^^-^e parameters into TPP 740. Thereafter, 
be currently processed. Block 930 then loads the values of these ' Thereafter and now white 

block 935 executes tc instruct TPP 740 to 1^%^£%££Z^ executed, generates the 
TPP 740 is processing this tile, execution P^^^^^i image for wnich data is now being 
40 (x, y) coordinate values for the * as shown in FIGs. 9A and 9B, execution proceeds to 

produced for this contone tile by TPP 740. Thereafte r, as shown ^ s execuUon |ooping 

decision block 945. This decision block ^J^J^^ln** contone tile. When TPP 740 
through NO path 946, until TPP 740 has completed ^^^^'g" 947 emana ting from decision 
completes processing the current tile . . «T ^ ?^ y) bS* coordinate values to address 
< 6 block 945. to btock 950. Block 950 ^J^^.^^^ £e address generator confirming the 
generator 762 (see FIG. 8)and ^^^^fjS of the btock output data now held for 
receipt of this address, ,n ^ c t7 h «^7^ Once block 950 has fully executed, execution proceeds, as 
this tile from FIFO 857 into output buffer 7W .Once block 3& 0 Y the contone 

shown in FIGs. 9A and 9B. ^^^^^^J^^ remain to be processed. In the event 
60 image has been fully processed. I.e. whether any ^ nton ^ e g s 55 routes execirtion , via NO path 958. 
that this image has not been fully processed, then dec s ' on ^ k ^ contonB m jn ^ image , and 
back to btock 930 to calculate the parameter J^^J^* Tension block 955 routes execution. 

™ to process * e ne * ima9e ' 

66 and so on.. riiscuss ion of the pseudo-code, we will now define the following 



15 



EP 0 527 097 A2 



terms 


definition ~ * ' 1 


delta 
fast/slow 

k,l 
x.'y 

p. q 


-refers to an incremental amount 

-refers to the fast scan direction which is typically across a page, tile or 
SSion^H!^ Ce "„ ^ S, ° W SCa " direCti ° n is ortho 0 ona ' to * e *■* scan 

-contone sampling address coordinates 
-halftone reference cell sampling coordinates 
-output image (page) address 



variable 

Atile_u_slow, Atile_v_slow 
Atile _«_fast f atile_v_fast 



tile_u, tile v 



definrt fc?r. n 

-increments for movement from 
tile to tile in the slow and 
fast scan directions in the 
contone image plane 

-current contone tile 
positions 
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Atile_x_slow, Atile_y_slow 
Atile_x_fast, Atile_y_fast 

tile_x, tilejy 

Atile_p_slov, Atile_q_slow 
Atile_p_fast, Atile_q_fast 

tile_p, tile_q 

p_tile_start (=0) 
q_tile_start (=0) 

Apixel_x_slow, Apixeljf_slow 
Apixel_x_fast, Apixel_y_f ast 

pixel_x f pixel_jy 



-increments for movement from 
tile to tile in the slow ana 
fast scan directions through 
the halftone reference cell 
(screening) 

-current halftone reference 
cell tile positions 

-increments for movement 
from tile to tile through 
the output buffer in the 
slow and fast scan 
directions 

-current tile position in the 
output buffer 

-tile offsets in the output 
buffer (ordinarily are zero 
for tiling) 

-offsets in position between 
edges of an output block 
and corners of its 
corresponding contone tile 

-pixel sampling increments 
for movement in the 
slow and fast scan 
directions through the 
halftone reference cell 

-current pixel sampling 

position within a block in 
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Apixel_u_slow, 4pixel_v_slow 
Apixel_u_fast, apixel v fast 



pixel_u, pixel_v 



Apixel_k_slow, Apixel_l_slow 
Apixel_k_fast, Apixel_l_fast 



pixel_k, pixel_l 



image_u (=oj 
image_v («=o) 



inage_x, image_y 



block_size, tile_size 



the halftone reference cell 

-pixel sampling increments 
for movement in the 
slow and fast scan 
directions through the 
contone image 

-current pixel sampling 
position within a contone 
box in the contone image 

-incremental pixel movement of 
the clipping variables in 
the slow and fast scan 
directions through the 
contone image 

-current clipping position in 
terms of pixels in the 
current contone box being 
processed in the contone 
image 

-initial coordinate of contone 
image (could be non-zero to 
clip the image) 

-halftone screen offsets (can 
be used to offset the 
screen) 

-output block size and 

(contone and output) tile 

size 
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Akblock, Al_block -increments for movement :f ro» 

Aublock, Avblock block to block in various 

AX_block, Ayjalock - planes (box to box in the 

Ap_block, Aq_block contone plane) 

blockk, block_l -current block position for 

block u, blockv the clipping variables, and 

blocklx, block_y in contone image 

blockjp, block_q (specifically a contone 

box) , halftone reference 
cell and in the output 
(page) buffer 

2 16 -constant (2 16 ) used to shift 

a number into the upper 16 
bits of a register 

Wtth these definitions having been made and in mind, the discussion will now proceed with a detailed 
*^o1&Z7£S& of Tile Processing Routine 1000 that is formed - -JJ^SS; 

mMwmwmmM 
mmmmm 

smmmm 

A, Ms point ..cufton *ocs.ds » ^SZZt b£?.h. ofj, in position o, on output 
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formed. After each successive tile In the contone image Is processed, appropriate tile coordinates are 
ESTST* pr6para ' ion : or processin 9 *• — contone tile, and so on^AHe '711 
been processed, execution then exits from step 1 060 and from routine 1 000. 

FIG. 11 depicts a flowchart of Block and Tile Size Setting Step 1010 that is executed within Tite 
5 «£X2 n9 1000 8h0W " " F,Q - 10 " Th,S Step " 35 diSCUSS ^ ab ™' d «* SSSrTSS In'd 

Specifically, upon entry into step 1010, execution proceeds to decision block 1110 This block when 

^r t'h. T !n f T°*" SCa "" 9 ' S 10 m ai °" 9 either directi °" «" «» ^ mageT i" 
«, ™» * Jf 30 feCt0rS " ° T leSS 1han one ' ln * e evem **> <* * es e factors are greater than 

SSr h^rT 0 " Pr ° CeedS ' N ° Pa * 1115 8rnanatin9 from decislon block 1 "<>. to block TSJtS 
3 fE, V « Z T 6X T^l *** b ' 0Ck ^ t0 32 **" e3Ch dimena '° n ' i e " to * block having 

32-by-32 output p.xel locations. Alternatively, if reduction scaling is to occur along either dimension then 
execution proceeds, via YES path 1120 emanating from decision block 1110, to block 1130 S'lS 
r S subtVin !?, 9XeCU,9d ' 3613 *? bl0Ck SlZe ^ upo " *° ^ -* ^tone rotation ^ T^e 

/ m connection with the absolute value function appearing In blocks 1130 and 1150 denotes that 
ttrc absolute value function is to be calculated in appropriate floating point precision. Once the block sS 
exL^ h de , term ; ned : e,t f ,r f hrou 9 h block 1130 « r H«. ^"tion proceeds to block 1150 whS when 

Snt^nf ^ t " 6 , SiZe " The tMe Ske iS taaed upon ,he b,ock size and * e sino and cosine oTS 

contone image rotation angle, + . and is maximally one pixel smaller than the block size. After block 11» 
20 has executed, execution exists from step 1010. 

FIG 12 depicts a flowchart of Number of Tile Calculation Step 1020 that is executed within Tile 
to f r~°^ 7 tH 00 *T " 1 °- diSCUSSBd Step 1020 d8,enT1 ines *eTurnS o f 2 

SlSmni SfiL C ° nt0ne imaS6 in tem,S ° f ** " Umber ° f U,eS in «* row and "umbw of 

26 exe C uS {fi ^^L S Ir n ' T" e . ntrV int ° ^ 102 °' eX6CUti0n pr0Ceeds to block 1210 ™ s Nock, when 
executed, calculates the number of rows of image tiles that will form the contone image, MAX ROW as a 

S2SI.fi ?l T ht ' H, ° f ? nt ° ne ima9$ (in inches) ' the ^amorphic scale factor in tJ7e fast' scan 
direction W, the laser writing and the contone frequencies (In terms of either writing spots per inch or 
ao SfiSTT ^ ,nch ' respective| y> and *■ *»■ Once this occurs, execution proceed to bLk 
inSe MAV C-n, eX6CUt f d " ?' CU ' ateS " Umber ° f C ° ,UmnS °' ima 9 e tt,es tha » the contone 

S ^tof ^ ' f S 3 "I, 0 " * Width ' W ' 01 COnt ° ne image ( a,so in ,nches >- ^e anamorphlc 
Aft b^7iSo L « W ^ d,reCbo ; W '* e laser wri «"° *• contone frequency, and the tile size. 
After block 1220 has executed, execution exits from step 1020. 

FIG 13 depicts a flowchart of Set Pixel Coordinate Changes Step 1030 that is executed within Tile 

M cooS i 9 T™, 1000 Sh0Wn 1a * d ' SCUSSed ^ -5> 1030 oa.cu,r s thf incJementS 

coordinate values (appropriate A" values) for pixel movement for the clipping variables for contone 

entire contone image currently being processed. 
^> « v Jrf ,C 1l y \ f Sh0m1, Up0n 6ntry ° nt0 1030 ' exec "«on proceeds to block 1310. This block, when 
?7« d ; C TT BS parameter values f ° r *e incremental pixel movement in the clipping variables, k and " 
ottoe cltonT? • A P ixel - k - s '^ Apixe U _slow, based upon the sine and coJne 

bJr\ aT^L :° ta1,0n an9 ' e ' *' 30(1 th6 ^ 30(3 b,o0k 5ize " ° nce 3,1 * e incremental values have 
m7 ^ f ' PrDCeedS t0 blOCk 1320 Which ' when executed " ca,cu,ates Pa«neter values for 

the pocel samphng increments in the contone plane. These parameter values, Apixel u tot 
Apwel_j/_fast. Apixel_u_slow and Apixel_ V _slow. are determined based upon the anamorphic^ale' 
m°bLT S ^ n AZ^t et freC,Uencies ' lhe sine ™ d of contone image rotation angle, and 

the block size. After ail these parameter values have been determined, execution proceeds to block 1330 
This block when executed, calculates parameter values, i.e. Apixel x fast. Apixel y fast' 
A P b<el_x slow and Apixel-y-slow. for pixel sampling increments in the halftone Terence plan^These 
Tlnrt ^ SCree " rU " ng ' * h9 ,aS9r 1™*»™y> We *ne and cosine of the screen angle, 

nr. ,J ^ S ' Ze Mer th8Se parameter values have been calculated, execution exits from step 1030 
FIB 14 depicts a flowchart of Set Tile Coordinate Changes Step 1040 that is executed within Tile 

£32? J r*"! 1000 ^TJ: Ra 1 °- * diSCUSS6d * ow - St « P 1040 calculated inc^meS 

IZTTto* h^ (aPPr0P A : a,UeS> f ° r m ° V8m9nt D6tWeen succes s've tiles in the contone image 

thlth f" 6 r9fer0nCe Ce " a " d throuah * e output bu,fer - 70659 va]ue * «-«> remain constat 
throughout the entire contone image currently being processed 

m J P ^ ^fiCa ! ly ■ I a l ShOWn, UP ° n entfy ° nt ° ^ 1040> execut,on Proceeds to block 1410. This block, when 
executed, calculates parameter values for movement between successive tiles in the output buffer I e 
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m A«i« a stow based upon the sine and cosine of the 
^''V^^'^Vete^e Sn^hese values Ze been ca.cu.ated. execution 
conlone image rotation angle, and the tile size, once ™ n movement between 

proceeds to block 1420 which, when J*£ STTW -nd Ati.e_v_s.ow are both 

successive ti.es in the contone plane. ™l»™™™™^^™7 list and Atile JT_siow. are deter- 
i„ttia..y set eoua. to zero. me ^'^.^^ a^dTaseT frequencies a^die ti.e size. After 

mined based upon the anarnorphic ^^^SSL proceeds to block 1430. This block, when 
all these parameter values have been P x slow and Atile_y_slow. 

executed, calculates parameter values, ..e. -^^ ren - y ^ ane . Thes7 increments are based upon 
for movement between success.ve titos In ^J^JJ^ £xel sampling increments In the halftone 
the sine and cosine of the screen an 0 18 ' *• «» * te J*J Seated, execution exits from step 1040. 
reference plane. After these parameter values have f^^JV associated with integer block 

As noted above, offsets will ar.se, ow.ng to tile rotafton and ^ " e Ules . |n mder to 

addressing, between the edges of r^i^SS^S^SSl the «** M 

ensure that sampling in the contone image will cor espond to corr eg jnteger pixe , 

me offset between the Tea." ^^ 0 ^Z2n & mo These offset values onfy need to be 

addresses for an output block ^^^T^ ^compensating the initial sampling positions for each 
determined once and are then subseq uentiy used «J"P each b,ock is readily determinable to floating 
contone tile. In doing this, the upper left "^^J^ owing to truncation, by as much as 

point precision. However, the integer samplmg add Iresse ^ can vary owing ^ ^ ^ 

approximately one bit thereby causing " ^"^ b ^*^£U 8 P°<« f °< each and every 

sampled and hence all the contone tiles will be ^ r H e t ^';9 n f situgted ^ivem the ed ges of output block 
In this regard. FIG. 15 graphica.ly f^^^^^^Tttoe ti.e within the block. Block 
217, and corners of corresponding icontone til 2 sized to maximally fit within the block 

217 7 is square with edges 1515 153 0 1540 ^ sampling coordinates (0.0). 

and is oriented, given contone rotation an gle such rthat rts uu- y ^ ^ 1535 rf ^ 

are aligned w.th left edge 1550 * «J So" the (p, q) axes, by coordinate, , (- 

tiie s^ and the cosine and sine ^^^^^^S^ a flowchart of Block Position 
Given this explanation of the offsets, FlG t 5 H 16 ^^%° B ^ ssina y flou ti ne 10 00 shown in HQ. 10 to 
35 Offset Calcuiation Step 1050 that of L drawing sheets for FlGs. 16A and 

air™ieeo srs;:s xTbeTgr most ^ , e . * - » 

« tempc + temps, temps). execution proceeds to Ap* Calculation Step 1610 wherein block 

Specifically, upon entry '^0 stepJOSO **°^° n ^ _ to ze t a Thereafter, execution proceeds to 
1815 is first executed. This block sets the initial value ot JP*» the inttial value of Ap+ 

decision b.ock 1618 which tests whether ^^^'^jS^S^ YES path 1619. tc 
which is zero. In the event that ^^J^^^^^^ to the value tempo and routes 

45 block 1625 which, when executed, sets the negative , then decision block 1618 

execution to -^.^SiX!^ deci *°" b,OCk 

merely routes execution, via NO path 1620 to decision dwck event ^ va|ue temp0 . 

whether the value tempc-temps » less I han *b curent value o P* ^ execulion( ^ path 1629 , 
temps is less than the current value of Ap, then deem on b.oc* Executjon ^ procee ds 

« to block 1635 which sets the current value ^^^^ H Vision block 1628 determines that 
to decision block 1638. Execution will also rea ^ ^ de ™ ™° en " value of Ap+ . Decision block 1638 
the current value of tempc-temps « greater or equal to J e c ™ f val ,„ eyent tnat the value 
determines whether the value -temps .s.ess f^ e ^ b £ k S routes execution, via YES path 1639. 
-temps is less than the current value of Ap, then decs.on blocK ^ ^ from 5tep 
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hereafter. execution prJJds^decsfon btfl' gZS^JZfL*"* ?"* ° f ^ * ^ 
less than the initial value of Aq, which Is amta H?tv«nt ? , vah,e t9mp ° iS negative - ,e ' 

5 proceeds, via YES path 1659 to block 1 Si J?JF T tempC is nSBativ9 ' then ^ecution 

the Value tempo -Tro^e*^ 

current value of Aq, Decision Tara ri2t^ J^L tempo + temps Is greater or equal to the 
value temps. Execution then SE^TtrT ^ * ^ Tt' 0 

. lO» A JZt^!^^ ^STi? 106 °J hat iS M * ^ Tlie P ™ 8 RoutJne 
the beginning (ULC) of JefiSS n Se 'dntct^ 106 ° initia " ZeS 1,16 to point to 

and then eaThsu Jes ,* co„1on e SSLT ^Sm^Tf ^ T"*** P ' 0Ce5Ses the fi ' st 

output image with output bits, in ^.SS^K^in^ST P ^ ^ 

This block, when execute^nitSLl ^ ^"ed HS? ?? ^ tC b, °° k 1 ™" 

execution proceeds through two nested lo^SX^S^S Lr Lo Si"*?? 'T .T^^' 

so execution first proceeds to block l^ too^ 15,," ,h T Up ° n ^ int ° ,O0ps 1720 ^ 
the location (block J. Sock q) o7\h ^ ^^JT ^ 11^ ^ ^ 
execution proceeds Ho Wo^Ttm whii 1!^ 0Utp * block in the out P ut <Page) buffer. Thereafter, 
specific to Vol* co^e^g ^esSdTe ' £"55 ? 

40 current row being processed OncTthTnr™ XI ^ n8xt successive tile in the 

entire row of cortonTSSSs been J£c£S"<5 2? ^^ses this contone tile, and so on until an 
from the inner loop to bteMToTJSS^Sn^^ l^^ 9 *** conclu **- «*wtton passes 
parameters to point to tS fin* coSe^i.T £ ,h fl °° P ^ ^ bl0t * increment s various slow scan 
occurs, execute ^J%^££j^J!£ZZ Z '? T* 0 " 9 ' ma9e - °" Ce * te 

individual steps that form bbcks mo-179ol„ TO^SS FiXYeSS iVb ^ " ^ ,<L 77,9 
equalling the Talues V para^ete s^maae-E ° C ° nt0nB ^ in lhe lma 9 9 as 

values of Ap block, Aa block Ak hinrt ai k™iT a ?_ V 750 exe ™tes to compute incremental 
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renting tile based increments, values the valJes of Ap_J>lock and 

based upon the sine and cosine of *» contone n ^ '* \ ne two remaining tile based 

Aq_block. tile size, and the contone and I laso ^ e J~ s p J ^ sine ^ cosine of the screen angle, 
incTements. ^^^^J^S^lSS, S "llr frequency. Once these incremental 
e , the values of Ap_block ^^-^'^r^^O Wock 1760 executes to calculate initial values for tie 
values have been determined through block 1750. block 1760 ex ^ ^ ^ 

based parameters btock_k, block J. block u I bio ^3 btod^ an ^ eM , block 

ments. These parameter are ■*££££ < £ l ^ ^dlned by J parameter values determined 
1770 executes to entire* P'^^^^ ^rcontone tile has been completely processed and 
through the immediately preceding bloc* Once *' s cum)nt row , then the tile based 

assuming additional contone tiles reman to t* ' "JJ incrernen ted In block 1780 by the 

parameters. tile_u, tile_v. t,le_x hle_y «J-P *V Erection, Ke . A tile_u_fast, Atile_y_fast, 
appropriate and respective t,.e ^ ^'"^^^f^^o define the next cortone tile in the current 
Mile x_fast Atile_y_fast, ^ te -^-^ f^J^bv °"e. At this point with at least one additional 
row.ln^tile column counter, col. « also ^T^M to bleck7740 to process that tile, and so 
contone tile to process in the current row, execuUon bo^W« ^ ^ |Qop m0 ^ 

on. tf, however. all tiles in *e current row have ^^^"^o ms remains to be processed 
proceeds to block 1790. Assuming tturt at toast u m v. tile x. tile y, tile_p and tile_q, are 
Tn the contone image, then the tile based Parameters « ■ ~ ments , n the slow scan 

incremented in block 1790 by the ^^P^« Ati^slow, Atile_p_s.ow and 

direction, i.e. Atile_u_slow. A*f _v alow, aw B - - ^ he rov¥ ^ umn counter, row. .s 

Atile_q_s.ow, to define ^one addZal row of contone ti.es to process, execution 

also incremented by one. At th.s point w.tt at least ' °™ ™ , n that row , and ^ 0 n. Onco all the 

loops back to block 1740 to successively P^ 33 ^^"^ exits from outer loop 1720 and proceeds 
row^f tiles in the contone image ,have ^^^^ue ^e has now been completely 
to block 1820 which generates an appropriate signal to* 

processed. After this occurs execution ^g^™^ is execuie d as part of Tile Processing Step 

, ^z^^^^^^s discussed this rouline processes an 

entire tile through rotation, scaling ^ t haMh ™J'* d ™^o* first proceeds to block 1910. This block. 

Specifically, as shown, upon entry into ^tone 1770 ^ ^ ^ current 

when executed, initializes the values ^^^^^^^ , 0 decision block 1920 which 
output block that is being generated. Once this occurs exe p ^ ^ pixels are to ^ 

35 determines, based upon prior user «"P«*£«*S ^ if te contone image is not to be rotated. In the 
processed. A single raster of p.xels «^» 88e ^™ outes execution, via its YES path, to block 1930 
event that tiles are to be processed. dec *™*^\™f 0 ^ se , „ a single raster of pixels Is to be used, 
which, when executed, initializes the p counter ^^^^k 1940, which, when executed, initializes 
then decision block 1920 » -^r^*^ ??bS to executed, execution enters two nested 
40 the p counter for the raster After ertta ^ «>30 or wo ^ ^ ^ ^ ^ ^ & 

loops: outer loop 1950 and inner loo I960. The outer W P ig50 and 1960 , 

while the inner loop processes ^J^^^:^^ to o P . This block, whan executed, obtains 
execution first proceeds to b °cK 1970 ^ d ^* n e 1 haBtone reference planes, for the currently 
data, through clipped sampl.ng in both ' ^ at ^ pixe , , oca tion In the output block. 

4S addressed pixel in the out P/ ( bl ^\ a "^^^ 

Thereafter, execution proceeds to block ifflOJ-'J-'J «™ 1 jxel v , pixel _ x a nd pixel_y) for 
the values of various parameters fi.e. q. "^^,,1^ pixel in" the current row of the output 

subsequent use in generating m i output value irito the output block, execution 

block. Once the entire row o ptak . « the outpuj btock has ^ ^ 

60 passes from the inner loop to block 1990 located witnin ou h xe ^ 

parameters in the slow scan *^ "IS^ta iffpW 'nThe neS successive row in the current 
pixel_y, for use in generating an ou Jut value for ^ e 1r ^ e i 0 n lo process aIltne pixels in this row, and 

r: b r e ^tssrs: =1;^ hav e ^ ^ o>.s fr o m 

S5 outer loop 1950 and from pixel processing <°^™ Q ghown ,„ HG . 19 is depicted in FIG. 20. The 



EP 0 527 097 A2 



SSTSJ? ? ' I" S£T outp f b,ock 1,131 i8 b9ins geM »*--'. * 

f"« ■_»» m'aoi_« <uru pixei_jf. Thereafter, counter p is nitialteed via stem -mpn-ioin *~ ,L V 

using the Lerna^ SeT ^' aV^P^n ' 3^- X *^S Jr ' IT 
in th« i f ' th8n execu{lo n 'eaves inner loop 1960 and proceeds to block 1990 

T hf f ?, u S 0U,pUt b ' 0ck - then execu «°n exits from outer loop 1950 and from routine1770 
213* TOs .atter block obtarns the sampled contcne value for this pixel from tiling RAM 742 ^ F.gL 7 
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« case. decision b,oc* »» routes execution ™^™nSH^ 

this bit is to contain a greened output ^^J^^,,,,^ appropriately samp,- the 
execution, via YES path 2154. to Wo ck 2 180. Th* latter woe ^ wim 

halftone reference stack - the specrfic cell (font) to use and/or varying the halftone sampling 

output bit. including selecting ^^ y ^ ^2?*^ below). In particular, the noise data 
f0 address itself using an addressed noise value (as ojcuss ad dresses. This array 

array within RAM 717 Is addressed using those used to select one of 
contains a seamless pseudo-random array -of ^^"^ store di „ ererrt predefined halftone dot 
sixteen different hafftono random font selection, spatialiy repeating 

patterns. The specific patterns are not enjeal .^owevor. Bjrcg jn ^ ^ jmagB d ^ 

« artifacts, such as Moire patterns and the BMiJJJ « q ^ advanta geously w.H 

the beating of the spatiai sampling^ r ^ u ^ S *f '™ ™ ected , the present contone value associated _ with 
be broken up and will not appear. Once a font ^^J^J^ plane therein which, in turn, will bo 
Z current output pixe. wi.l select a correspond ng ^"^^sses to yield a screened output bit 
sampled based upon the current low orde ;^^^^ outpul m 1or the currently addressed poce. 

20 Now, once block 2160 has fully executed to ' f*^ 8 Zes the value into the bit location m the 

b ^sri-~ 2170 has ^ as shown ,n 

F ' 6 Process Pixel Bo^e 1970 shown in ,0. 21. Tne individual 
„ steps th'at form blocks 2110-2170 in FIG. 21 are in ^ 2 ^ noise bit maS k for accessing the noise 
'specifically, as shown, block 2110 establishes J^^^^ ^ ays , both from RAM 717 (see 
data array and a font_bit_mask for accessing *^«» ™ e ™J x and p * xel y addresses lor use in 
F Ss. 7 and 8). These masks define the proper Ms ^ J? pW_J. t«J «- 

addressing each of those arrays. WifJnn block 21 15. to cu H fc ^ corresponding 
so PixeLv are each right shifted by block 2120 determines the value* 

integer addresses; namely. Int_k, mt_ , mt u ana «n addresses int_k and int_l with 

the one-bit clipping vanabla. VALID by . ^ ^^^,3? &«*. 2125-2135. depending upon 
the mask "0x0001". where -Ox " defines ^ £^3^ an edge in the contone image or not, 
whether the current sampled pixel m ^. ™ W ™ Ltput bit in the output buffer either to a 

3S respectively set the contone JL If the contone mode is in use then 

value associate with the color white «toj«' S «lue with execution then exiting from routine 197a 
blocks 2140 and 2145 ^^Z^J^^SL* >* to be performed, then blocks 2150- 
Altematively. if the contone mode is not In use and hen ce a o ^ ^ ^ ^ rf 

2170, based upon the status of «» ^J^' ^ut bit rf variable VAUD is true (I.e. one)^ The 
40 variable VALID is false (i.e. «ro or ^^^Zoo^ data bit for the current output brt. as 
process halftone routine determines ^"^^J^J^^, pixel x, P ixel_y, noise_bit_mask and 
described above, using the current values ^^^SmS *roSih uie of high order bits in vanab es 
font bit_mask. The value of n 7^-/^'"i ne reference stack (font) to sample wrth the 
pixeT x7nd pixels, pseudc-random.y M ^^^JSne in this stack and the low order bite in 
< 5 value-of the varlab.e contone selecting , a ^ determining the particular sampling 

pixel x and pixel_y. as specified by the value of tne om samp | ing location in this plane is the 

"ocatlo-n in this plane. Tne stored -N>f«^ £JlnX5** «• then written by block 2170 
screened output data. This W^W*-^ ^ZroaZ as shown in FIG. 22. execution ex-ts 
into the next output location within FIFO 857 (see flu. «>. 
so from routine 1970. 

E Dedicated Hardware Embodiment of Tile and Pixel Processor (IPP) 740 
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^ss^ «* - -ocra.ee wtth each «,e. In effec* 

FIGs. 19 and 20; while pZT^o^, s£ 0 imntem J^p 88 ""T^ d9,a " ab0ve in ^maonvZ 
above in conjunction wTf GsT^d S TiTTPrrsln^r 5 ^ 61 I" 1 *" 16 197 °' 38 discussed in detajl 
. or other readily customize large ^alZ * " *** m AS,C 

«JM£S; : f hi s* - ssri ,oeic r or a ™° ™° - *° 

operation of TPP 740. In response ?o a ou.S ™ T * OS „ e 1 sk,,,ed in me «*■ controls the overall 

puter 713 (see FIG. 8). c OTfr 7Sic 2380 Thol fn rgs AT" 9 , o^ 817 " d pt ° Mecl * microc ™" 
« 2320. by application of a PuJT'Do^o^ Za 2^ [ 0 ^ « ***** Hl9 processw 

registers with the values Ln appearinc w leS flT'iV^ C0,nC, ? ent pr6Sent C,ock P u,se ' its 
commence processing a current m in tL coltone f™™ ' C0,nC ' den, W ' th the next c,ock P u,se - 

low level on -Tile Done" lead 23^ |^ Sn^. J TV™' COntr ° l '° 9iC 2380 P ,aces a 
microcomputer that tile processing^ aSJ ocSlt r^ T^" ' eadS 819 * l ° Suiteb,y info ™ the 
2320 applies a pulse on "Tile dZ" lead I Sfi t. Z k,' ?T 11,18 processin 9 is c °mplete, tile processor 
applies a high level to ^fcrW ^ '"r '° 9lc 238a This control lo 9 ic 

contone tile has bean comply proved * rata ««W ™ t~ FIG. 8) tha, this 

<b.oc*J, block_l. tZk^TZZff *• b,OCk 

and stow scan directions (Apixsl k~fast Ani^ i J?*^, * pKel ,ncremeri,s . '* both the fast 
Apixel_ y _f ast ; and ApbL.Tliow ^^-^dTi^-T^^-"-* ^'-JLjast, 
a6 and ApixeTjr slow). As siTo™ n h& ^T^^-V l( ? w ' A P lxel -^low. Apixel_x_ S |ow 
routed by « .og c 2310 vTlLsSl f 2^1 T£ ♦ b '° Ck addreSSeS 9,1(1 fl,e ™rements are 
within tile processor2320 ' 2316 * a PP ro P riate adders or multiplexers located 

are -Z^t^ - — - 2330. ai. of which 

sa processor also contains pZ^egJ^^J^llLT . paramrtW8 and connected as ^own. The tile 
pixel parameters (pixe. I, ^ xef t pTxef u 2? v p^el IST,"^ *" M * the * 
Pixel registers hold theTalues ofme six pixel" ZJdersT^* P ^ ^ COntr °' '° 9lC ^ The 
in the current btook in the output ^SnZ^T^Z SllT ^ ^ ^ f ° r each pixel 
2320 and specifically, in accorLcTwrm tow chSf prS k ° V&a " ° peration of tila Pressor 

35 - r S i°:r rrn r -~ in d9t " be,ow ' 

7- - *- * 55- sets of adders, 
discussed. In mis regard under of Jl ? * l^, L parameter " wi » ™» »» specifically 

processor, input I, of L.tip.exer 2 S reSves ov'Ss STe me S ° f ^ 

registers 2310. For the first pixel in theftS nfjf , , J, ? S ^ t '" 9 address 01 b,ock - k tile 
lave., as a se.ect signal. oJZ ^1^X^55^^.^ '° 9i l 2340 W "" 3 SUitab ' e 
pixel_k register witnin registers 2333 Tbemafte^ m ^! " 9 addreSS '° tnput of the 

2345-To cause this specific reJiSo ^T n m 'is s^^hh ^ aPP " eS 3 Sm toad Sisnal to lead 
apply It to leads 2335^3y virtueTa c^StL ZZ ? ? « SS 83 * e pbce '- k P ar ^«ter value and 
to an input of adders a&E? ^^S^TStlS foL^ T" ^ Va ' Ue " " 
another input of adders 2322 and 2325™kS^ i^^. ^-- slow ,ncrem8rrts a re applied to 
routed, via leads 2324 and 2327 to ™!noS ^ , * U ' S 9 enerat9d b y 2322 and 2325 are 

the pixel k reglsS are ^fed^ack vfXads ^Sfi 9 /"' ' ° f ™ ttiplexer 2328 " >"**™<* ™ the contents of 
adders repetitively adT, e Ap i2i k ISt ^AaLTTT^ 9 '"^ ° f 2322 md 2325 ' these 

adds the fast scan pixel k irSnSJ ^ Ar^el ^ 1 J ? ^ ' r I ea " sters Particular, adder 2325 

result vaiue. under'J^n/STSc b^di ^^Sr "IT T ^ 
success output pbcel location in ^ current ^ ^ sQ 
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* 3325 oversows to point to the first pixei ^l^Z^l 
Z T(Co> output which, trough lead 2347, is applied t .control jster ^ 2333. 

plough multiplexers 2328 and 2330 ^ Jaad^" ^ £^£3*1 ,n the next successive 
,n addition, to modify the ^^^-i^ZS^S^ ^ds 2342 and 2344. to multiplexers 

5 row. control logic 2340 applies suitable level ^as select ^ s current pixel address in order 

2328 and 2330 to add, via adder 2322, tte Apixe^ k slow mcr ^ resu|tjng address . s 

to generate an address that po.nts to the first p.xel in the ^ ™ jster wjthin registers 2333. 

JSd through multiplexer 2330 and ^J^^^Z^JSm address value into the 
Control logic 2340 then applies a sul table , pule * ^"J^ ffo successive pixels on that row and for 

,0 pWJ* register, and *o ™*»^J^$£^~»> been generated, adder 2322 overflows 
all subseauent rows. After the last row 01 outpm p.xe. wu, . te d 2323 is applied to control logic 

2340. Caw™*, control logic ,2340 Of"""*? 1 ^,^ «„ pM parameter » »"ilarly 
P W pmmeter, (pWJ.. ^^^%£5%S&> ooStonTlogio 2354. now KM. logic 

.ocation overlaps the edge of the contone - W- datively, if this current sampling location lies 
defined contone value for the color white "^^ n ™* Responding memory address, based 
2S within the contone image, then contone ^J^^*™^ * js ljed , via lead s 2355 

upon the prxel_u and P ixel_v P^^^J^ at an addressed memory location and 
to the tiling RAM which, in turn ^Jj^^^f^ then applies this value to M »«. 
provides the resulting value on data leads ; 2357. _ Contone w ^ ^ upon eight h,gh 

Simultaneous with the operation of contone logic _2354 no.se aa ^ ^ ^ ^ comb|nes 
M order address bits contained with the p.xel x *^£Z^,JS& 7 . The two eight-bit high order 
these addresses to form a sixteen-bit memory '«^*^£*W<** fie) d. This address field is then 
addresses are merely abutted togethe. form tte ^ is typically a seamless 

applied, over leads 2361, to the no.se data RAM . The no.se dara y & correspondlng one 

Say of 258-by-2 5 6 P^«^ <T,^^^ a dot profile represented by 256 

36 of sixteen halftone reference (font) ^J^f^TShln halftone reference data RAM 717 The 
individual B4-by-64 halftone ^^J^^^fJ ndise dat a RAM 717 Is applied through leads 
resulting noise data, specifically a FONT IDval memory address into halftone reference 

2362 to halftone reference address log.c 2365 Log « 23» Km ordQr pjxe| _ x ^ pixe i_ y 

data RAM 717 using the FONT ID value as h ^ h ^ e \ o b ^™^ fer ; nce da ta RAM 717 with the resulting 
«, address bits. The address is supplied. « '^^^^•laSr lead 2369 to dipping logic 2370. 
addressed single-bit value read from ™^J^* SuU of the P *el_k and pixel_l parameters 
Clipping logic 2370 determines based upon the ^-rerrt j ^ . ng on |ead 236g f 

appearing on leads 2336. whether the output ^pfcel fo, *»* l«*t ^ ^ ^ ^ ^ ^ tn 
the present output block l.es w.th.n ar , output J' e °' ^ of th8 sing | e bit appearing on 

< 5 corresponding output tile, then chppmg logic f™ ™J«» o ™ 0 a57 . A(ternativ e. y . if this pixel lies outs.de 
iead 2369 as output data to output ead 853 for storage n gg dgta tQ , ead ^ 

the corresponding output tile then the a level change, via lead 

After the appropriate data value ,s ^^X^^ Z appearing on output lead 853 is 
. ^"cS^l^ re,.™^ to control the « - »hich - output data , wrrften 

-Sonets a block diagram J^ST^ 
contained within TPP 740 shown .n FIGs. 23A and 

Umes. once for each of the pixel parameters^ multiplexer 2430 and pixel register 2450 To 

S5 Circuit portion 2410 contains adders 2412 and rminp ^ gnd 23B ml0 

55 S imp% the^rcuitry, portion 2410 combines jJJSJSJ^^k which are specif.ca.ly located 

KSTmSl ^S 24 23A R ir23B 2 hold the «- and the slow and fast increment, 
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2412 and 2416. The output of oixel reai^pl^n ,1^1 9 * ' npUtS ° f mutti P'^r 2430, and adders 
multiplexer 2430 UTlS^^^^V'.S* 2455 ' iS ^ to * e " D " hp* to 
e outpute produced by ihJSLTw ouS vte lff a ««^J?i" d ^ ^ ° ut <°°> 
23A and 23B). The outputs <0) of atf£« ££ and Sift V V, ™' * C ° ntr ° l to9ic 2340 < see HGs - 
■C- inputs to mumper ^tToZ^ XZZ^T^T? T T^' * *° " B " "« 
pixel register 2450 multiplexer is applied, via leads 2435, to the input of 

» b-js sXs,tz^o F ^,rr *° operat,on ° f ™ wp,e - ■* - - ■* ■ 

ohCrE^S SSnfSl^ ^^TiT?^ 0Per£ *° nS ** — *»*, repeated 

by continual looping through operations 2610 £d 2BH ^N^^SoTT! '"<; * p " " MMtod 
re appears on lead 817 (see FIGs 23A and 23R^ In rLL ? J ' nW 3 Start Proces sin9" pulse 

circuit portion 2410 changes «*ed fS'^S^S ST ^ f ^ ^ 26 ' 1,16 state «* 
^^^^ 

emanating from decision operation aB40^ 8 ^Zl^^ ! i^ " P d * Sn * d by N ° pa,h 2645 

2640 changes the state of oIh^So^io^S^^^ deC, ' Si ° n 

in register 2406. Thereafter, decision operation 2660 sW, fn FIG % ? t ,ncrement 
so adder 2412 has generated a carry out tetaTSrr^JT^ ^' ' determmes - »*»«■ "P™ whether 

a temporary state after which control logic 2340 (see FIGs 23A 2im wi. n , 7 mere ' y 

back into STATE1, via operation 2610 } " place c,rcu,t P ortion 2410 

"Gs^a^ S^T* Withi " Rxe ' Pr ~ 2350 sh ™ 

* and 2750, AND gate 2760 Td mlZe ' 3ddr9SS 9en8rat ° r 2?30 ' «"WtorB 2740 

value for the color white Based uoon whJh or Yhl conne ^ t9cl ' v, f ' eads 276E} . *> the pre-defined contone 
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connected to the sixteenth brt of bo* ^^^^S^ within pixel registers 2333 (see F.Gs 23A 
2910 and pbceM reg.ster 2920, ^^ re BJw on ^ 2935 shown in FIG. 29, is connected to 
and 23B). The AND combination *^_^,^£J™ cell date read from hatftone reference RAM 
the select (So) input to J9«. The «hq ™ zero value ls ^ed to the other. I*. 

717 is applied, via leads 2369, to the "A input to multiplexe 28 ^ ^ d 

-B- input, to this multiplexer. ™ ou£rt W J^p^J addresses indicate that the current pixel lies 
provides screened output data 2950. As sudr if ttw Qn , ead 2935 is high thereby causing 
within a corresponding output ^ ^Ji'Si on lead 2369 to output lead 853 as the 
mu.tiplexer 2940 to ^^^o^^Z^ o^ data thereto. 

»- Processor 2350 

FIG. 31 depicts a block diagram of No.se M ^^^^ bf . 2 SB location noise data RAM 
shown in FIGS. 23A and 23B. This • ^1^^ addrJ contained in pixe._x register 

717 by abutting eight address b,ts, bits ^^^^^^its <23:16>. contained in pixel_y reg.ster 

, 3110, as shown in FIG. 31. ^^S^S^S^^^ 2333 ta tile V 0 ™™ ^ 

3120. Specifically, registers 3110 and 3120 are >*£***T^ J mn the ixe , x and P ixel_y registers are 
(see FIGs. 23A and 23B). The to one In^ut of AND gates 3140 and 

'routed, as shown in FIG. 31. over res ^^ ad ^ se Across Logic 2358. Nofee_Bit_Mask 3115 is 
3145, these AND gates being contained ^r* 1 '" ^.f These AN 5 gates. By logically combining the value of 

. appiied over leads 3117 to ^r^o ™°£ SSBS , L LuWng addresses appearing 

the noise_bit_mask with each of «n ^ pixel x "J^-J address6S . These bits are merely abutted 

reference address logic 2365 (see ^J^* "J ^ Refer9nce Address Logic 2365 contained within 
Lastly, FIG. 32 depicts a block d.agmm °^ ft ™ 9 ™ orms a ^pty-four bit memory address to 
Pixel Processor 2350 shown in ™s. 23A and 23B^ Th.s jog* t 3225 and 3230 ^ 

halftone reference cell data RAM 717 ^^^J^^Z of sixteen hatnone stacks (fonts). The 
* described above, the FONT P*bU»«**J * reference planes that forms this stack, 

rr smcss? — y a current samplin9 locaton 

<o ieads^62, followed by eight-bit sampled JJJ^^^SE mfeger address bits <15:10> contained 
twelve address based on six P^.^XS These low order address bite are formed 
in each of pixel_x and P^-\ sA ^'^f^^ 6 % Q , the full current values of the P ixel_x and 
by logically combining, through of Font Bit_Mask 3215. In this regard 

p L_y addresses held in registers 3 ^.^^ 0 ^SS«e applieoTvia-respecflve leads 3210 and 
* the contents of p*el_x and ^^J%^Z^J»« Font Bit Mask 3215 is applied, via leads 
3220. to one input of AND gates 3225 ^ ^^The ^lueo rf ^ font bit _ mask w1 th 

3218. to the other input of each of these S^^^'^^es appearing on leads 3228 and 3233 are 
each of the P ixel_x and pixel_y ^^^T^a^SS vta address leads 2367, as part of the 
six bits (15:10) oFeach of these '^^^^^^7. The data stored at the addressed 
« twenty-four bit memory ^dress to Ha,«one R e JJ^JJ* ^ 2369 M , ,„ turn, is routed, via lead 
tocation within this RAM is supphe d as s ngle b t ha Kton e» . p ^ ^ 

2369. as input data to ^P^Jf. 8 ^ K^y 'appreciate that the inventive two-chip arch-tecture 
Clearly, by now, those skilled in the art will ««»J^Jt through the use of parallel processing imple- 
can be easily expanded to increases processing throughput thrcug & cmQn ^^ning 

55 mented by using multiple tile and plxei processors (TPPs 740 mjj^ the degree of p«Mm 

microcomputer. By upwardly scaling the n un*eM> ^f TPPs In P ^ ^ images 
increases which, in turn, substant.al ly increases t ^^ B ^ ocom p Uter 713 , a s shown in FIG. 8. several 
Specifically, instead of connecting just one TPP to m.crcn. ¥ 
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- mic _ r . ^ , e 

microcomputer to process a parBcu!ar non^tarinc f'nSl I ^P"* 6 '* instructed by the 

with a separate starting point Once ZZ ^P ^Z^Tl , *"* 33 h ° rizontal s1ri P the ™f- 

« independently process Z .mage p£?n Whilst TPF if ,HT^° C T PUter W0U ' d ' nStn,Ct that TPP to 
can initialize the next successive W L7e Lfter msfr 1 Tf 9 '* Pr0CeSSln9 ' lhe microcomputer 
the other TPPs. As such, a!, the TPPs^n £ ^1^1 S C ° mm8nCe Ks P"*****. and so on for 
time staggered but essentiaiiy pa^f^a^S^^T^^ POrtions in a s ^ 

the microcomputer with the sp^,cim^eZa^nZr '? ° Wn Win9 RAM which ls ,oa ^d by 

» each TPP can be configured ^TKlS^S^bS^ "n^ "2? ** m 

are then block transferred at an appropriate time ^ntn^n buffer, such as a FIFO, the contents of which 
P«*^ portion tto Whiie each TPP is 

the output Image into which output data which fte" clrrentfj ™i h '°°^ on 5 f the responding portion of 
TPP has concluded its processing, SfZ^Ms^lXf ^ TPP " * bB Written - ° nce * at 
« that image portion. In addition, L ^S^^^J^T & ^ of that out P ul **« into 

strips. Furthermore, the TPPs could o^rate W S T^Z^i^^** ** *" juSt 

successive contone values and write data to correspond, rTT,^ t < Wherein the TPPs P^ 38 
staggered and output interleaved basis For e^nSTw ™ ,ocat,ons »» image on a time 

every fourth output location: the firs. TPP^TwSe ouZTI Tl? Mch TPP wou)d wite 

* the second TPP would write outpuTdate ior the Jnd SFTnST Z ** ^ ~ ° Ut P ut ,ocatt °" s . 
TPPs throughout the output ima^e. o£J?J?££l TJZn ^" 1 ^^ *" 80 ™ to the ° ther 
turn, by the second, third and fourth TpX n Zto n^d^w \ I J^' f °"° Wed success "ely, in 
TPPs with control through a common confrotg^^ b * re P«"*ng the 

increased over use of just a single TPP alone m,Cr0COmputer ' Pressing throughput can be substantially 

26 - of muitip, of 

values rather than single-bit halftone £ fhreSh ° ,d 
FIGs. 23A, 23B and 32) would be readilv mrTrf f,^^ * Terence address logic 2365 (see 

sampied contone value igln^o^Z ^l J^ll^^^ W ° M COmpare each 
oc result of that comparison i.e. a high level bft H Z cl^l , 8 threSh °' d matrix - A si "& ™ 

threshold value or a zero bit otherwise wouJ T fue equalled or exceeded its corresponding 
would be used, in a simiia fLZTo' SFdSblfS f* **■ The noi * e da * 

threshold matrix, such as one «^LTto^^£ ^T^T ^ T 

- ^r^rL^ p,xe - and pbte, - y 

~£TL™z™r™z ^^^xr^rv 1he 

parameters pixel u and pixel Twou d sS SiJ? I? Ple • b '° Ck 2135 (see FIGs - 21 22). 
interpolated, base^ upon the tciona, L'fS th^e nt ^ V3,UeS WhiCh W ° U ' d te ^Itectively 
which, in turn. wouW be routed ^5^1 ^Tf hSSTh °toT r"^ 9 COnt0ne Va ' Ue 
« hatftonlng process to yield an halftonedZpuXa na,ton '"e « to be used, applied as input to the 

prodirbMe 0 ::; ^c^^ , irL^ b8d 38 b t 9 us9d ^ a •*» - 

instance, mutUple scre^ersS proS sS y .Jl^^,?* 1 Ca " 3,50 * used ' '« 
same incoming contone values. One dot fon would aenerlte hll T ^ OPerated in paral,el usin 9 the 
the other dot font would generate haiZe dotsC S^S,. ^ ^ S,iS,h,ly lar 9 er m ™ ^ 

independentJy of the other. If boTh scSne^ ^J2LT* 9 V ^ tha " USUaL Each screener wou 'd run 
writing spot or not fn the usual 1^7^171^^ ^ ^ e " 9ine wou,d ^rate a 
writing engine would generate fSs ?!^ZTS£Z^ ^ 0UtpUtsi ^ •« «• 
between completely darkened and white Co^seauenT ? * a P"**° f »"* tevel 

halftone dots that have softened J^U^S^ VSS ™ Writ ' nB e " 9ine W ° U ' d Write 
slgnlficantiy reduced high frequenc? conlenTove^ ^SLSdS^. JT"* ° S ^ ^ 
would otherwise result from beating | caused ^JlTtrT^^rJT; ^ aut °- moire P**".*- which 
and the writing pattern used by the \^J5£Z ould Ibei^T™ ° f id9a ' ha,ft ° ne *» pattems 
an increased number of levels can also be usS to Z^J^^ ,Iy J 8UPpr8888d - Writin9 9n9ines witn 
moire suppression. Unfortunately, use of ^e^^ST^ i 8 ™?- ° f d ° f SOfle^ir,9 and auto " 
creases. inter alia, system compLity and <S aHLT InirinJ" ^T" 1 ^' 6 5Cr9eners in " 

wil. exist between the amoun! t of au«e fhat ^ JTSSS^JT^ * ^ M ^ 
complexity of the resulting image processing system ^ acce ^'« cost and 
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by those skilled in the art 

iMnngTOIAL^A PPLlCABILITY AN D ADVANTAGES 

The present invention is usetui in '"^^ 
processing system that Implements .a page descnpton '^^^ , nro ugt an implementation that is 
Lge rotation, scaling 

relatively low cost laser printers. 
Claims 

,. Apparalu. I» pro*»ng - 2VTSJZ"£S^ in S '^c^». «"* '*»* 

irrrrrqa^^^^ 

the output image. 

, T te appar*us in Cairn , oharaln said ,11. and Hock Mining masns is « prcgr^m.d p»c— r. 
I Tile apparaius in Cam, * «na re in «,d procassing n»«na is . —a « 

» 4 . Tb.appa^o^^ralnsad^^^ 

Xs^S 0 ena»Boo n » S pomiin9 0ul pu tdrta l ha..lor. 

5 . ^appa^in^.^-;^ 

plxsl smpling i"C™r»« ^^^T mo.am.nt hft»a« sucoasalva sampling 
* ^TTjftjES MM. «. ««* loca.ons . W one a, 

the blocks. 

e. T*. appa,a„,s in * 6 whan* -Id » Processor ^^^£X^>^» 
the one block. 

, me apparatus in Cm 5 further comprising atl ^ «^ tp'u? S^Kr^eS 
» that Sectiveiy form at .east the ^.vdua one ,t e °^ ld '^« g inor9rnents . for generating 
comprises means, responsive to corresponding ones * ^^said tie ; and wherein said 

a succession of continuous tone ^P'^f <^ to each one of the 

p,xe, processor comprises f.rst memory to yie ld a sampled 

continuous tone sampling addresses, for sampling siure 
55 contone value therefor. 
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second memory sampling means comprises : 
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— ^ i^r^s - - i. - — — 

Snponx to t» soala factor, ft. .nolo ol row™ m • *roon angle, 
yield the corresponding halftone output value. 

«. ™. «». * - » "Errs: ss?srrs&-. ■ 

40 a pre-defined array of threshold values ; and corresponding one of said sampled 

50 respectively. 

24 The apparatus in claim 18 wherein said writing ^^J^JJL' the event 3a id each halftone output 
LansL storing each of the halftone ^f^^^"^ tJie ; and 
value is associated with a pbce. location situated J^^ST^ ^ naltt0 ne output values from 

55 r^rssr.^^ - — - - — b, ° ck ,n sa,d output 

image. 
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2R mean?T!n U c S r L C,a L m Wr,tin9 means ^ = 

clipping v^riaoles isTf^^d ^ s ShT t ""f 9 , 6 " wherein «** <* *e first and second 
■ aMance along an edge cite ZeTZo™ '^tL^^^' 

one within the current ,i,e and either zero or two cZeJeZs^s "* " ^ VanableS eQUalS 

n l^ . to0 " r "='» ndi "B<>n» of aid ptol sampling ino »™, te: •'° "»">"« 

processing al. of the tiles in the ZrtZL^. * * " * *° ^ * -B reSUlt,nfl ,rom 
5 ^ ^m^i^. in daim 27 ' Wh9rein Said definln9 Sfe P com P ri ** *» steps of : 

osszfx**- * ,he — «*» . *. o. «* ,„ lh . 

30. Tto .Wtad in =w™ a, ^ ^ ^ % comprtses ^ ^ ^ ^ 
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^storting locate, of ths cunent * by «» °«*" »*«■ 

rows of the teuton, output values lor the current block. 

. The me»C In * « -t^-TSSSSJ^ 

tomentrureowm.rtbel^.n wooe^earuplmo ^ |n „ 

yield the corresponding halftone output value. 
%*ZX> ".men* to yield . ndltone output yelue. 

!HSSm=a- - 

. - * — - - - rir~T7u«^ 
r SP rd»«^ 

37. The method in claim 31 wherein said writing step JJJ^^J * " ^ halftone output value is 

* The method In ol.ln, 3, when* ^-^'^^lllc^^ «< the r*el samp.N, 
incrementing lirst and second dipping "'jf second clipping variables Is 

„ dresses associated «1th the oonlone ^ ^«^™" ~* "responding distance along an .do. ol 

aoung a „ro In the corresponding addrewed mc yal „ B stored in.each ol 
ZTJZXm^^ZZ™ the. I, associate. ... «— 
65 situated outside the current contone tile. 
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FIG. 6 



651 654 




OUTPUT PROCESSING DIRECTION 

INPUT CORRESPONDENCE 
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FIG. 9 A 



ENTER 
(POWER-UP) 



PERFORM POWER-UP 
INITIALIZATION 



OBTAIN INITIAL VALUES OF APPROPRIATE 
PARAMETERS TO 'SET-UP* TTH CIRCUIT 



-CONFIGURATION COHPLETE 



i 




VEST(J08 CONTROL DATA CONTAINS 
PROCESS IMAGE REQUEST) 



CALCULATE INITIAL VALUES OF APPROPRIATE 
PARAMETERS TO 'SET-UP" CURRENT IMAGE 



CALCULATE INITIAL VALUES OF APPROPRIATE 
PARAMETERS TO 'SET-UP' NEXT CONTONE TILE 
TO BE THE CURRENT CONTONE TILE' 
AND LOAD THESE VALUES INTO TPP 740 



PROCESS CURRENT CONTONE TILE 
• THROUGH TILE AND PIXEL 
PROCESSOR 740 



GENERATE (x. y] COORDINATE DATA TO 
DEFINE STARTING LOCATION IN IMAGE 
FOR CURRENT CONTONE TILE 
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945 - 



PflOCESSlNG 
OF 
CURRENT 
CQNTOME TILE 
COMPLETED 
BY TPP? 



946 - 



Tyes 



PMVTnE fx Vl COOHDIHATE DATA TO ADDRESS 
r FWFRATffi 762 AND IN RESPONSE TO 

■WHS** 

INTO OUTPUT BUFFER 766 




FIG. 9B 
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FIG. 10 

ENTER 



TILE PROCESSING 
ROUTINE 
1000 



"IMAGE" PARAMETER 
SET-UP 



SET BLOCK SIZE GIVEN CONTONE TILE 

RO^TIOH SO THAT TILE 
SIZE IS LESS THAN OR EQUAL TO 32. 
AND SET TILE SIZE 



1020 - 



CALCULATE THE NUMBER OF CONTONE 
TILES TO BE PROCESSED 



'-\ I 

\ SET ALL COORDINATE 
CHANGES FOR PIXELS 



' r, TILE' PARAMETER 



n SET ALL COORDINATE 
CHANGES FOR CONTONE TILES 



SET-UP i —I 

CALCULATE THE BLOCK POSITION \T 
OFFSETS CAUSED 8Y TILE ROTATION 



L__ 
I 



rnn Mil* 117 * TILE COORDINATES 
/OR FIRST CONTONE TILE IN THE IMAGE 

LOOP- 

PROCESS ALL CONTONE TILES IN THE 
IMAGE AND SIGNAL COMPLETION 



TILE 
PROCESSING I 



-930 



EXIT 
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tile_size — 



lblock_size - i.O) 



V 



1150 



o* s AMORPHIC SCALE 

FACTOR IN SLOW SCAN 

DIRECTIOM 
0 = AMORPHIC SCALE 

FACTOR IK FAST SCAN 

DIRECTIOM 
<p = IMAGE ROTATION ANGLE 
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FIG. 12 

NUMBER OF TILE 
CALCUUTION STEP 
1020 



ENTER 



TILES. MAX JOJt / LASER JflEO \ 



HAXJOW- 



CGN70NEJfiEoJ Uile - SiZM -° 



tilejsize 



- 1210 



K MAXIMUM NUMBER OF TILES W EACH ROW 
m - C0L ( USERJUEO \ 

MAX C01— V' ™W »)* ti}eJii2R - U 



tilejize 



EXIT 



WHERE 

H eCOHTOME IMAGE HEIGHT (INCHES) 
H e CONTONE IMAGE WIDTH (INCHES) 
LASER JREQ s NUMBER OF LASER 

WAITING SPOTS/INCH 
CONTONEJREQ a NUMBER OF CONTONF 
SAMPLES/INCH 
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ENTER 



FIG. 13 

SET PIXEL 
COORDINATE CHANGES 
STEP 1030 



SET: 



Apixeljcjast — 2«- tSIN W ) /tile_size 
APixelJJast — 2 16 *(CQS*fl!/tile_size 

ApixeU:slow--l2^HSIN^)/tile_size] - [ApixeUJast-blocUnel 



SET* 

ADixel u fast — 2^«C0NT0NEJ : REfl (SIN ($ ) I fc^LASQLFREQ] 
/pixel Vf art - 2i6.C0NT0NEJBEQ (COS 0 ) / 1» -USER JREQ] 
A P ixelj"slow-[2i 6 -C0NT0N£iREQ(C0S^I/^LASEflJREQ] 

- [ApixeljJ_fast»blockjize] 
Apixel v s io«^[2iB^mON£JREQlSW^)l/l^LASERJREfl] 

- [ApixeUJast.block_size] 



SET* 

ApixeUJast-2^SCREEN_RULE • (SIN (e) ) /LASERJTB 
AOixel vJa S t-2 i6 'SCREENJULE - (COS (e) } /USER JREQ 
ApixeU slow- [216.SCREEKJHE- (COS (9) } /LASER JM 

- (Apixel_x_fast • block_size] 
ApixeU slow- [2^»SCREEN_PULE • (SIN (9) ] /LASER JREQ] 
- (ApixeUJast* block_size] 



WHERE: 

^ e= SCREEN ROTATION ANGLE 

EXIT SCREEN RULE = NUMBER Of WRITING 
~ SPOTS/INCH IN SCREEN 



51 



EP 0 527 097 A2 



FIG. 14 

SET TILE 
COORDINATE changes 
STEP 1040 



ENTER 



1410 



A tilejjjast — 2 16 .(-SIN$).tilej;ize 
A tilejiJast— 2 15 « (COS(<fl) .tile_size 
A tilej>_slow— 2 15 . (COS$).U]e_size 
I A tilejjUw — 2 16 .(SIN$J .tile.size 



SET: 

A tilejjjast — 0 



A tilevjast — (2 1 ^»C0NT0MEJ : f?EQ*t ile„si2e) / (£• LASER_FREG] 
A tile_u_^lo« — (2 16 *C0NT0l€JflE0.tile_size)/^USEflJfiEQ) 
A tiJe_vj5low-— 0 



SET: 

A tilejcjast — f (COS^ApixeljrfasHSINMl •ApixeljJastMilejsize 
Atilejjast— ((siN(/>JJ.ApixeUJastt(COS^J)»ApixeUJast}»tilejize 
A tilej(_slow — [ (COS $ ] «Apixel j_slow- (SIN fat) ) »Apixe3 j jslov] • tile jsize 
A tile_y_slow— [(SIN0]^pixeljurfow+(COS0)J •ApiwUjslowMilejsize 
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FIG. 15 



TILE ROTATION 
INDUCED BLOCK POSITION 
OFFSETS 



Heaps, tempc) 

(ap^^ t 1510 y ^ 



1520 




1530 



/ (tempc - temps, tempc * temps] 
1540 



WHERE: 



tempc = 2i6. TILE^IZE* COS(^») 
temps = 2i6.TIL£_SI2E*SINW 
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ENTER 



FIG. 1BA 

TILE PROCESSING 
STEP 1060 
(DETAILED) 



1710 - 



1720 



2l 



tilej « image Ji 
tilej = imasej 
tilejt = imagejc 
tilej - imagej 
tilej = pji e_stapt 
tiJe_q = qjilejtart 



1730 - 



1760 - 



row = 0 „ „ n1J1 , BEGIN OUTER LOOP 
while [row <MAX_P0W)( ^ 



Shilet2ol<HAX_C0L)t 

f blockj » (tilej + Ap^J » 16 
[ blockj » (tilej + A »16 



Apjlock = 
Aqjlw* s 

Akjlock = 
Aljlock » 

Aujlock * 

Aljlock - 

Axjlock = 

Ayjlock : 

blackjc = 2 16 + Akjlock 
blockj -2 1B + Aljlock 
block J = tilej + (AuJlockA*) 
blockj = tilej/ + (Avjlock/H) 
block jc = tilejc t Axjlock 
blockj - tilej + Ayjlock 




((blockj « 16] - tilej) 
((blockj « 16) - tilej) 

KCOStf* -Apjlock + (SIN$)-AqJlock)]/(tilejiie) 
((-SIN0-APJ1°<* * lCOS$)-AqJlock)}/ltilejue) 
ir ^ v COHTONEJREQ 
[[CQSffll-ApJlock *(SIN0)*AqJlockH *'1a10R£Q" 
CONTONEJREQ 

((-SIN$)-ApJlock +{COS$)-AqJlock)] • usajREQ 
SCREEN-RULE 

■■ [ (COS (0)) -Apjlock +(SIN(e))«Aqjlock)] * USQ1 j:req 

SCREEN JULE 

= [(-SIN (6)1 -Apjlock +(COS(el)-AqJlock)] • us£fi JREQ 
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-{process tile [block J. blockj. blockjj, blockj/, block jt, block_y) 



tile_u — tilejj +Atilejj_fast 
tilej/ — tile_v +Atile_vjast 
tilejc — tilejc +Atile jcjast 
tile_y — tile_y f Atilejjast 
tilejj — tile j) +Atile_pJast 
tilejj — tile_q +Atile_q_fast 




row ++ 

tilejj » inagejj * (rowAtilejL_slotfJ 
tile_v = imagej/ * (rowAtile_v_slow) 
tilejc » inagejc + (rowAtilejjlow) 
tilej/ * iaage_y + (rowAtilej/_sloH) 
tilej) = pjilejtart + (rovAtilejLslow) 
tilej - qjtilejstart + (roH*Atilej|_slow) 



SIGNAL COMPLETION OF IMAGE 



1820 



FIG. IB 



FIG. 18B 



EXIT 



FIG. 
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FIG. 19 

) ENTER 



PROCESS TILE 
ROUTINE 
1770 



Initialize the following pixel-specific - 

PARAffiTE^ FOR THE FIRST PIXEL 
pixeljc. pixelj. pixel.u. pixelj. 
pixeU. pixelj 



M910 
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FIG. 20 



1910- 



pixeLJc 


= bLockJ 


pixeLJ. 


= bLockJ. 


pixeLjj 


- bLockjj 


pixeLj 


- bLockj 


pixeLj 


= bLockjc 


pixel j 


a bLockj 



PROCESS TILE 
ROUTINE 1770 
(DETAILED) 



if (tilejtode) { 

p - 0 
] else { 

p = b]ock_size-i 



while {p < bLock_size) ( 




q = 0 

whilejq < block size] [ 

block [p J (q) = process pixel {pixel J;, pixel J, 

pixelj. pixelj, pixel j. pixel j) 
' pixeljc — pixelJc+ApixelJcJast 
pixelj — pixelJ+ApixelJ Jast 
pixelju — - pixeljJ*APixeljiJast 
pixelj — pixel_v+Apixel_vJast 
pixelj — pixel J+Apixeljjast 
pixelj — pixel j*Api«ljJast 
q++ 



I 



INCREMENT q COUNTER 



pixeljc — pixel_k+ApixelJc_5low 
pixelj — pixelJ+Apixel J_3low 
pixel ji — - pixel_u*ApixeljJ_sloH 
pixelj — pixel j*Apixelj_slo« 
pixelj — pixel j+Apixelj_slow 
pixelj pixel j+Apixelj_slo« 



END OF INNER LOOP 
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FIG. 21 



SET UP MASKS FOR NOISE 8 HALFTONE 
REFERENCE DATA AHRAYS BASEDW NUMBER 
OF BITS IN ADDRESSES TO THESE ARRAYS 



X 



EXTRACT INTEGER PORTIONS OF CURRENT VALUES . 
OF pixeU.pixel_l.pueU AND pixel_v AOPHESbtt | 



PROCESS PIXEL 
ROUTINE 
1970 

^2110 



2115 



rtfTFRHlNE CURRENT VALUE OF CLIPPING VARIABLE, 
UAHO TO SPECIFY WHETHER CURRENT PIXEL IS 
WITHIN aSffifl • CQHTDIC TILE BEING PROC£SSEO_ 



S 



2120 



GET CONTONE VALUE 
FROM CURRENT SAMPLING 
LOCATION IN TILING RAH 742 




SET OUTPUT DATA BIT 
TO VALUE DETERMINED BY 
PROCESS HALFTONE ROUTINE 



JTT 



WRITE CURRENT VALUE OF 
OUTPUT DATA BIT INTO 
FIFO 057 



2170 



EXIT 
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2110 - 



2115- 



2120 • 

2125- 
2130- 
2135 ~ 



2140 - 
2145 - 



FIG. 22 



ENTER 



PROCESS PIXEL 
ROUTINE 1970 
(DETAILED) 



iiujaejm jnask_ = now (2. } 

J footjitjnaslc - poJj^^^wjmnf-i] 
hi tsperaddpessjont jirray-p 



intjc « pixe]Jc»bitsperregister 
intj = pixelj»bitsperregister 
intjj = pixeljj»bitsperregister 
int_v - pixeLv»M tape/register 




iffcontonejode) I 
return (contone) 




if (validU 

bit - process half tone fcontone.- . 



J else ( 
biW) 



Pixel jc, pixel_y. 
noise bitjnask. 
fontjitjaskj 



return {bit] G 
LOCATION IN FIFO 857 
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i-3 



3 







ill 




s 









ft 



S3 



511 



i r 



CXI 



g 



S3 
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FIG. 30 



3000 



FIG. 29 HALFTONE 

CELL DATA , 
^29 20 (FROM RAH 717) 
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© A tile-oriented technique and associated appara- 
tus for manipulating a continuous tone (contone) 
image through image rotation, anamorphic scaling 
and digital halftone screening for use in illustratively 
implementing a page description language. Specrf,- 
cally. an Incoming contone image is first partitioned 
into aligned non-abutting tiles (e.g. 215i, 215a,..., 
215g). Overlapping blocks (e.g. 217,, 217 z , .... 217 9 ) 
are then defined which will hold output data for 
corresponding tiles. To effect rotation and anamor- 
phic scaling of the contone image, two-dimensional 
sampling increments, in fast and slow scan direc- 
tions, are defined to relate movement between suc- 
cessive pixels in an output block to movement be- 
tween corresponding pixels In the contone image. 
Similar, though independent, sampling Increments, 
also in the fast and slow scan directions and based 
in part upon screen angle and screen ruling, are 
defined for movement between successive pixels in 



a halftone reference cell. To generate output data for 
each successive pixel location in a block, incre- 
mental sampling occurs in the contone image to 
yield a corresponding sampled contone value. This 
value, in conjunction with incremental halftone sam- 
pling addresses, then defines a sampling location 
that is read in a halftone reference plane (e.g. 
242ibi), the resulting output of which is single bit 
halftone data that defines a writing spot. Each tile in 
the contone image is successively processed, using 
two nested loops (1950. 1960), with resulting output 
data for that tile being written Into appropriate pixel 
locations in a corresponding block in the output 
image. Clipping variables, incrementally varying in 
two-dimensional fashion and in unison with the con- 
tone pixel sampling location, define valid output data 
for a contone tile that is to be written into a cor- 
responding block. 
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